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NOTICES TO READERS

Instructions to authors

Please submit your manuscripts - scientific articles, notes, and reports (preferably by email) - to FAO at the following address:

Mr. Peter Griffee

Senior Officer

Industrial Crops

Crop and Grassland Service

Crop Production and Protection Division

FAO, Via delle Terme di Caracalla

00100 Rome, Italy

email:peter.griffee@fao.org

Contributions have to be received before July in order to have time for revision. Articles that are too long as well as more than two contributions from the same author (s) should be avoided. Manuscripts must be written in a standard grammatical English. They should be checked by a competent English speaker. The whole typescript, including the summary, table and figure captions, must be double spaced. The title page, all headings and the references must conform to the Newsletter style. Please consult the last issue to ensure that your paper conforms in detail to the accepted style.


In order to continue the success of the Sesame and Safflower Newsletter we need your contribution, which will be shared by the scientific community but we stress that this is a Newsletter. As well as innovative research articles, we request news on such topics as country overviews, meetings, publications, genetic resources, conservation, production, processing, uses, markets, economics etc.

Electronic contributions


The electronic age is with us, please try to send your contributions preferably as email-attachments or on diskette. You may also contribute to Sesame and Safflower knowledge by visiting FAO's Internet site at http://www.ecoport.org. This is a knowledge sharing system 'owned' by the general public. In the Home Portal click on Search Entities and enter either Sesame or Safflower. These sites are under construction and you will see the Editor´s name at the top. By clicking on this you can send comments, corrections or additional information to the Editor who will enter your material after refereeing it.

We thank you for your attention and look forward to a continuing fruitful collaboration.

Sesame and Safflower Directory

Dear Sesame ( Safflower ( Cooperator1

We are compiling a directory of institutions and individuals having current activities on research, promotion, extension and development of these high quality oil crops. Would you kindly fill in this form and forward it to Peter Griffee, Senior Officer, Industrial Crops, Crop & Grassland Service, Plant Production & Protection Division, FAO, Room C782, Vialle delle Terme di Caracalla, 00100 Rome Italy. Email = peter.griffee@fao.org. Please copy this to other interested parties; it will also serve as a mailing list for further issues of the Sesame and Safflower Newsletter. If you have an email address, kindly advise us and this form will be sent to you electronically for up-dating. Please fill in this form even if you have registered previously.

Personal, Professional and Contact Details

Surname
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Degrees
Universities
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Department

Discipline
Speciality

Country
Street

Town
State

Zip Code
Telephone 

Fax
Email

Other crops of interest
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1Please tick appropriate box (one only).

Notes on the Vth International Safflower Conference

by Jerald W. Bergman

The Vth International Safflower Conference was organized by the Montana State University Eastern Agricultural Research Center, Sidney, Montana and the North Dakota State University Williston Research Extension Center, Williston, North Dakota and was held in Williston, ND and Sidney, MT, USA on July 23-27, 2001.

Previous international safflower conferences have been held in Davis, California USA (1981), Hyderabad, India (1989), Beijing, China (1993) and Bari, Italy (1997).

The theme of the conference was “Safflower: A Multipurpose Species with Unexploited Potential and World Adaptability.” During the conference 51 oral and poster papers were presented on production management, animal feeding and safflower products, safflower germplasm, breeding, genetics and diseases.  An International Safflower Workshop was held during the last session of the conference and included meetings and reports of the International Safflower Germplasm Committee, International Safflower Cooperative Trials Committee, International Safflower Research Development Committee, and FAO on EcoPort.

The Vth International Safflower Proceedings (328 pages) was printed and made available at the opening registration of the conference and included 77 papers on safflower from scientists and specialists from Argentina, Australia, Bangladesh, Canada, China, India, Iran, Italy, Mexico, Russia, Spain, Syria, Thailand, Tunisia, Turkey and USA. The papers included in the Proceedings were reviewed by an International Referee Committee prior to their acceptance by the Senior Editors.

During the official conference banquet Jerald Bergman, Chairman of the Vth International Safflower Conference, gave special recognition and Vth International Safflower Conference awards to Dr. Hans-Henning Muendel, Lethbridge, Canada for his over 20 years of distinguished service as world safflower “Ambassador” to ensure International Safflower Conferences are held in different countries of the world to stimulate further safflower research and development. He also was recognized for his invaluable assistance to the International Safflower Conference chairmen in organizing the International Safflower Conferences held since 1982 in his capacity as Vice-chairman of the International Safflower Research and Development Committee. Dr. Li Dajue, Beijing, China received a Vth International Safflower Conference award and special recognition for his contributions to the advancement of safflower as Chairman of the 3rd International Safflower Conference and past Chairman of the International Safflower Research and Development Committee. Dr. Antonio Corleto, Bari, Italy received a Vth International Safflower Conference award and special recognition for his contributions to the advancement of safflower as Chairman of the 4th International Safflower Conference and current Chairman of the International Safflower Research and Development Committee. Dr. Dave Rubis, Tucson, Arizona was recognized and received an International Research and Development Committee award from Dr. Antonio Corleto, Chairman, for his 50 years of safflower breeding and genetic research in the advancement and improvement of safflower for crop production including the discovery of mutant genes thin hull (th) striped-hull (stp, stpp) and pigmentless (p), intercrossing wild species with safflower, the recent development of daylength neutral safflower and graduate student training in safflower breeding/genetics.

Venue of the VIth International Safflower Conference

The VIth International Safflower Conference will be held in Istanbul, Turkey the first week of June, 2005 as chosen by the International Safflower Research and Development Committee. Dr. Enver Esendal will serve as Chairman of the local organizing Committee and Dr. Jerald Bergman as Chairman of the International Safflower Research and Development Committee. 

The University of Melbourne, Longerenong College, Southeastern Australia was offered as an alternate site to host the International Safflower Conference in 2005 or host the VIth International Safflower Conference in 2009 by Dr. Sue Knights.

During the Vth International Safflower Conference workshop members were selected for the following International Safflower committees.

International Research and Development Committee  

Dr. Jerald Bergman, Chairman

Dr. Enver Esendal

Dr. Hans-Henning Muendel

International Safflower Scientific Committee

Dr. Jerald Bergman (USA)

Dr. Don Tanaka (USA)

Dr. Richard Johnson (USA)

Arthur B. Hill (USA)

Dr. Antonio Corleto (Italy)

Dr. Jose Fernandez-Martinez (Spain)

Dr. Peter Griffee, (FAO, Spain)

Prof. Despo Papakosta (Greece)

Dr. Li Dajue (China)

Dr. Zongwen Zhang (IPGRI Office of East Asia, China)

Dr. Enver Esendal (Turkey)

(plus two representatives to be named)

Dr. H. Henning Muendel (Canada)

Dr. Indra Harry (Canada)

Dr. Susan Knights (Australia)

Dr. Akhtor Beg (ICARDA, Syria)

Dr. Kalpana Sastry (India)

Dr. Vrijendra Singh (India)

Dr. Dattatraya Hegde (India)

International Safflower Germplasm Committee

Dr. Zongwen Zhang, Chairman (China)

Arthur B. Hill (USA)

Dr. Li Dajue (China)

Dr. Peter Griffee, (FAO, Italy)

Dr. Dattatraya Hegde (India)

Dr. Richard Johnson (USA)

Dr. Jose Fernandez-Martinez (Spain)

Dr. Brent Zehr (India)

International Safflower Cooperative Trial Committee

Dr. Antonio Corleto, Chairman (Italy)

Dr. Vrijendra Singh (India)

Dr. R. L. Ravikumar (India)

Dr. Li Dajue (China)

Dr. Enver Esendal (Turkey)

Dr. Sui-Kwongt Yau (Lebanon)

Dr. Jose Fernandez-Martinez (Spain)

Arthur B. Hill (USA)

Dr. Jerald Bergman (USA)

Dr. Akhtar Beg (ICARDA, Iran)

Other potential cooperators include Argentina, Brazil, Mexico and Australia (as cooperators are identified and restraints permit).

International Safflower Conference Sponsorship Committee

Dr. Jerald Bergman, Chairman (USA)

Dr. Peter Griffee (FAO, Spain)

Dr. Akhtar Beg (ICARDA, Iran)

Dr. Larry Holbrook (Canada)

Dr. Enver Esendal (Turkey)

USA Industry Representative (to be named)

The main theme of the VIth International Safflower Conference to be held in Istanbul, Turkey in June, 2005 will remain “Safflower: A Multipurpose Species with Unexploited Potential and World Adaptability” with a sub-theme “Safflower as a Multipurpose Crop for Sustainable Agriculture.”

For Information on the VIth International Safflower Conference contact Dr. Enver Esendal, Trakya University, Tekirdag Faculty of Agriculture, Plant Science Department, Tekirdag 59030 Turkey.

Email: en_esendal@hotmail.com. Fax:+90(282)2605705. 

Information available on Safflower

· “Safflower: A Multipurpose Species with Unexploited Potential and World Adaptability”

The VIth International Safflower Conference, Willington, IV D and Sidney, MT USA 23-27 July (J.W. Bergman and H.H. Mündel, Senior eds.)

Proceedings price: US$ 50 (included portage and handling)

Order to: 
J.W. Bergman



MSV Eastern Ag Research Center



1501 North Central Ave Sidney,



MT 529274 USA

Minutes of the International Safflower Germplasm Advisory Committee (ISGAC)

25 July 2001at the Fifth International Safflower Conference, Williston ND, USA

Prepared by RC Johnson 31 August 2001

Members in attendance were:

José Fernández-Martínez, Spain

Peter Griffee, FAO, Rome

Li Dajue, Beijing Botanical Garden China

R. C. Johnson, Chair, USA

Arthur B. Hill, USA

Zhang Zongwen, IPGRI, Beijing

Those unable to attend were:

D.M. Hegde, India

Brent E. Zehr, India

There was also a general meeting with participants of the International Conference as part of a Germplasm workshop held on 27 July.

Agenda items:

1.  Review of current descriptor list first developed by IPGRI in 1983 (then IBPGR).  This list is very good and may not need much revision, but we want to ensure that it fits the current needs of the international safflower research community (see enclosed copy and comments by D.M. Hegde).

Committee response: It was felt that a careful review of the descriptor list is needed.  This sentiment was also expressed in the general meeting on 27 July.  The fine input provided by D.M. Hegde Professor Li Dajue is acknowledged and should form the basis of this effort in the future.  The committee will work with IPGRI to publish an updated safflower descriptor list.

2. Review of the Safflower Web Page.  We will seek input concerning how the access, organization, and topics on the web page can be improved and maintained.  A “researcher contributions” area is being added.  How can this site be used to better serve the safflower research community in the future?

Committee response: The Safflower Web page is functional and should be used for expanded networking and communication among the safflower germplasm user community. It was suggested that the web page would be an excellent avenue for posting safflower descriptors with illustrations. Continued posting of the safflower articles from the Sesame and Safflower Newsletter, and of research outlines by safflower workers would be welcome.

3.  Recommendations concerning germplasm conservation, collection, distribution, utilization and storage needs, including in situ and ex situ approaches. Concerns about germplasm exchange and availability (see comments by Hegde).

Hegde, in a letter to Johnson prior to the meeting, has expressed a concern that the availability of germplasm is in jeopardy because of developing National and International polices concerning germplasm exchange and transfer.  Due to time limitations and the complexity of this topic, a discussion of this was postponed, but it was agreed to merit further consideration.

4.  Review and list current research priorities for various regions worldwide.

It was decided to review this topic at a later meeting.

5.  Training needs for international safflower workers and how can they be funded.

Committee response: Johnson offered to provide facilities for training programs in genetic resources.  The lack of funding for these programs was discussed and is particularly relevant for young scientists if safflower research is to continue.  Griffee pointed out that FAO projects could have training as a component of a given project if initially written as part of the project.  The IPGRI Vavilov-Frankel fellowships are also a possible source of funding for training and young safflower scientists are encouraged to apply. Members should continue to look for opportunities to find resources and individuals interested in training for safflower genetic resources work.

6. Safflower networking.

Committee response: There was limited time for discussion, but the ISGAC will be working with IPGRI to enhance communication among safflower workers. It was felt that the Safflower Web site might be a way to promote this goal.

7. Elect new chair for the ISGAC for the period starting after the Fifth and until the Sixth International Safflower Conference.

Zhang Zongwen was elected Chair of the ISGAC until the Sixth International Safflower Conference.

HETEROSIS AND COMBINING ABILITY ANALYSIS IN SESAME

Mishra A.K. and R.S. Sikarwar

JNKVV-Zonal Agricultural Research Station,

Tikamgarh-472001, India

ABSTRACT

A line x tester analysis using five lines and three testers was carried out in sesame to estimate the combining ability of parents and crosses for six characters. The combination JTS-13 x TKG-22 was found to be the best on the basis of sca and per se performance. JTS-13 and EC-132856 as females and TKG-22 as male were the best general combiners for seed yield.

INTRODUCTION

Sesame is an ancient oilseed crop grown in India, with an important place in the oilseeds scenario of this country. Information on combining ability effects helps the breeders to choose the parents with a high general combining ability (gca) and hybrids with high specific combining ability (sca) effects. The present study was aimed to assess the nature of gene action and the extent of heterosis for different quantitative characters of sesame.

MATERIALS AND METHODS

Five lines and three testers were crossed adopting a line x tester mating scheme. The resulting 15 F1 hybrids and their parents were grown in a randomised block design with three replications at Zonal Agricultural Research Station, Tikamgarh during 1990. Each progeny was represented by two rows of 5 m. Plant to plant distance was 10 cm and row to row spacing was 30 cm. Observations on five randomly selected plants were recorded for days to maturity, plant height, number of branches/plant, number of capsules/plant, number of seeds/capsule and seed yield/plant. The data were analysed according to the method given by Kempthrone (1957).

RESULTS AND DISCUSSION

The cross combinations JTS-13 x TKG-22, TKG-81 x TC-25, EC-132856 x TC-25 and EC-132834 x TKG-22 exhibited maximum negative heterosis and heterobeltiosis for days to maturity (Table 1), indicating the possibility of obtaining early maturing combinations as compared to the parents. Significant negative heterosis for maturity has already been reported by Sarathe and Dabral (1969) and Mishra et al. (1994).

Only three combinations, JTS-13 x TKG-22, EC-138527 x OMT-3 and TKG-81 x TC-25 exhibited significant positive heterobeltiosis for plant height (Table 1). Heterosis for plant height has been reported by Dixit (1976) and Mishra et al. (1994). For the number of branches/plant, the majority of cross combinations showed significant positive heterobeltiosis and some of them were negative. The combinations showing positive values open up the possibility of increasing the number of branches in hybrids. Yadav and Mishra (1991) have reported positive heterobeltiosis for this character. 

Seven cross combinations gave a positive significant heterobeltiosis for the number of capsules/plant while four crosses gave negative significant values (Table 2). Shrivas and Singh (1981) and Mishra et al. (1994) also reported positive and negative values. For number of seeds/capsule, only three cross combinations showed significant positive heterobeltiosis. For seed yield, the combinations JTS-13 x TKG-22, EC-132856 x TKG-22, and EC-132834 x TKG-22 showed maximum significant positive heterobeltiosis, whereas the combinations EC-132834 x OMT-3 and JTS-13 x OMT-3 gave negative values. Significant positive and negative heterosis for seed yield has been already reported by Dixit (1978) and Mishra et al. (1994).

The analysis of variance (Table 3) indicated that the lines and their interaction were significant for all the characters studied. The dominance component of variances estimated on the basis of sca variance was from 7 (branches/plant) to 180 (maturity) times higher than additive genetic variance (Table 3). These results suggest that there are tremendous possibilities for the exploitation of hybrid vigour in sesame. Goyal and Kumar (1988) and Mishra et al. (1994) have also reported a non-additive type of gene action for seed yield. The combination JTS-13 x TKG-22 gave significant positive sca effects for all traits (Table 4). Among the females, the best general combiner for seed yield was JTS-13 followed by EC-132856 (Table 5). Among the males, the best general combiner was TKG-22.

Table 1. Heterosis and heterobeltiosis in sesame for days to maturity, plant height and number of branches per plant



Days to maturity

Plant height (cm)

Number of branches/ plant

Crosses
Heterosis
Heterobeltiosis
Heterosis
Heterobeltiosis
Heterosis
Heterobeltiosis

EC-132834 x TC-25
-1.5606
-5.7471**
4.5326*
7.3808*
1.5873
-3.030

EC-132834 x TKG-22
-6.2275**
-10.000**
6.6219**
-3.4916
32.9729**
20.00**

EC-132834 x OMT-3
-0.9753
-0.8045
-11.7927**
-19.5348**
8.6153*
6.9696*

EC-132852 x TC-25
-1.350
0.05446
-13.6107**
-0.2138
1.0714
-5.6666

EC-132852 x TKG-22
-4.269
-7.763**
-9.0933**
-20.0813**
39.1044**
13.658**

EC-132852 x OMT-3
-0.5760
-1.1520
21.1394**
20.9103**
10.3448*
0.0000

EC-132856 x TC-25
-6.5632**
-11.0227**
16.726**
-4.9868
5.0847
3.3333

EC-132856 x TKG-22
-0.0559
-9.886**
6.6823*
1.4005
45.7142**
24.390**

EC-132856 x OMT-3
-0.57603**
-1.9318
6.1854*
2.2598
-14.7368**
-19.000**

TKG-81 x TC-25
-6.5632**
-11.0222**
30.0414**
11.1764**
7.6470
-10.7317**

TKG-81 x TKG-22
-5.595**
-9.8863**
6.9658*
0.6156
55.8829**
29.2682**

TKG-81 x OMT-3
-4.9629**
-5.3409**
4.5402
-14.1716**
38.9830**
28.125**

JTS-13 x TC-25
3.1210*
2.4813
14.2116**
4.3372
-12.3287*
-25.581**

JTS-13 x TKG-22
-8.140
-10.3722**
23.8007**
19.156**
34.523**
31.6279**

JTS-13 x OMT-3
-0.7742
-4.581*
-4.5300
-16.5581
7.4666
-6.2790

Table 2. Heterosis and heterobeltiosis in sesame for number of capsules/plant, number of seeds per capsule and seed yield

Crosses
No. of capsules/plant
No. of seeds/capsule
Seed yield/plant


Heterosis
Heterobeltiosis
Heterosis
Heterobeltiosis
Heterosis
Heterobeltiosis

EC-132834 x TC-25
-12.524*
-13.686*
9.9212*
4.8490
44.8811**
37.3134*

EC-132834 x TKG-22
14.164*
12.874*
13.2790**
4.5799
83.3214**
60.1494**

EC-132834 x OMT-3
16.690**
6.167
3.5327
2.0161
-34.991**
-34.326**

EC-132852 x TC-25
-18.310**
-24.298**
1.8503
0.7351
-8.4375
-12.5373

EC-132852 x TKG-22
9.778
2.351
1.7621
-2.7129
77.777**
56.4134**

EC-132852 x OMT-3
-6.236
-20.807**
-0.3870
-5.3254
12.6760*
4.9180

EC-132856 x TC-25
4.338
3.636
16.0512**
8.3990*
61.7834**
51.647**

EC-132856 x TKG-22
62.06**
61.304**
17.558**
2.392
79.8056
68.7546**

EC-132856 x OMT-3
-4.674
-14.514*
11.0912
10.2432**
26.4388**
19.9656**

TKG-81 x TC-25
89.56**
69.968**
8.2756**
6.5227
53.203**
27.3134**

TKG-81 x TKG-22
67.76**
50.151**
-1.0887*
-5.92
56.1377**
29.8879

TKG-81 x OMT-3
0.133
-0.303
-4.8989
-9.14961*
35.2219**
34.3395**

JTS-13 x TC-25
37.271**
26.892**
5.1304*
4.3328
74.8341**
61.6268**

JTS-13 x TKG-22
91.060**
76.283**
14.774**
10.170**
83.8813**
72.73**

JTS-13 x OMT-3
33.922**
30.092**
9.6763*
3.8773
39.0374**
30.8724**

Table 3. Analysis of variance for combining ability for different characters in sesame

Source of variance
d.f.
Days to maturity
Plant height (cm)
No. of branches/plant
No. of capsules/plant
No. of seeds/capsule
Seed yield/plant

Replication
2
5275
65.314
2.401
34.763
0.828
0.2323

Crosses
14
269.66**
11886.94**
37.646**
19075.86**
834.63**
530.13**

Male effects
2
45.41**
3403.82**
7.5516**
4139.86**
274.852**
154.47**

Female effects
4
15.82**
990.79**
2.653**
1154.87**
36.32**
17.46**

FxM interaction
8
7.046**
139.51**
0.8665**
772.026**
37.455**
19.03**

Error
44
1.442
31.23
0.1664
30.697
8.251
0.8562

Gca

0.1225
25.085
0.856
20.876
1.49
0.145

Sca

1.868
36.095
0.4658
247.10
3.06
6.059

A

0.1225
25.08
0.0856
20.874
1.49
0.145

D

22.158
723.35
0.6256
649.93
30.78
20.083

Table 4. Estimation of sca for various characters in sesame

Crosses
Days to maturity
Plant height (cm)
No. of branches/plant
No. of capsules/plant
No. of seeds/capsule
Seed yield

EC-132834 x TC-25
0.4900
-5.463
3.917**
-8.01*
0.77
-0.09

EC-132834 x TKG-22
-2.010*
0.966
3.657**
-9.44*
2.607
-0.24

EC-132834 x OMT-3
1.290
4.496
4.137**
17.46**
-1.92
0.94

EC-132852 x TC-25
-0.240
-3.453
-0.11205
-5.600
0.856
-2.42**

EC-132852 x TKG-22
-1.048
-4.563
-0.1770
-4.86
0.16
1.07

EC-132852 x OMT-3
0.960
8.036*
0.2030
10.46**
0.63
1.35*

EC-132856 x TC-25
-1.32
-0.583
0.7830
-6.87*
0.300
-0.91

EC-132856 x TKG-22
0.88
3.146
1.223
12.24**
-0.09
1.68**

EC-132856 x OMT-3
0.150
-2.553
-1.997*
-5.37
-0.22
-0.54

TKG-81 x TC-25
1.200
9.476*
0.0530
25.965**
3.37*
4.28**

TKG-81 x TKG-22
0.100
-5.493
-0.607
-6.12
-1.52
-3.73**

TKG-81 x OMT-3
-1.630*
-3.693
0.573
-19.87**
-1.85
-0.56

JTS-13 x TC-25
-0.470
-1.303
-0.0747
-5.460
-2.14
-0.26

JTS-13 x TKG-22
-1.55**
15.956**
3.2070**
8.16*
4.23**
4.19**

JTS-13 x OMT-3
-1.180
-5.983
-0.873
-2.69
3.24
-0.93

S.E. sca
0.6933
3.226
0.693
3.198
1.658
0.5342

SE Sij-Ski
0.9804
4.562
0.9804
4.523
2.345
0.755

Table 5. Estimation of gca effects of 8 parents for various characters

Parents
Days to maturity
Plant height (cm)
No. of branches/plant
No. of capsules/plant
No. of seeds/capsule
Seed yield

Females







EC-132834
0.311
2.393
-0.004
-9.853**
0.68
0.054

EC-132852
0.0644
-15.746**
-0.3262
-12.53**
-1.87
-2.15**

EC-132856
-1.577*
+2.406**
-0.3595
+0.1966**
1.88
1.64**

TKG-81
0.200
13.553**
0.4515
9.77**
2.39
0.52

JTS-13
-2.755**
21.303**
1.2515**
12.790**
4.720**
1.53**

S.E. (gca)
0.4.002
1.4429
0.4002
1.846
0.957
0.3084

S.E. (gi-gj)
0.566
2.634
0.5660
2.611
1.048
0.4361

Males







TC-25
-0.711
-2.006
-0.704
-1.93
1.806
0.01

TKG-22
-1.911*
15.963**
1.149**
17.493**
3.093**
3.22**

OMT-3
2.822
-13.960*
-0.441
-15.563**
-4.98*
-3.22**

S.E. (gca)
0.310
1.442
0.3100
1.4305
0.741
0.2384

S.E. (gi-gj)
0.4384
2.040
0.4384
2.023
1.354
0.3378









REFERENCES

Dixit, R.K. 1976. Inheritance of yield and its components in sesame. Indian J. Agric. Sci., 46(4): 187-191.

Dixit, R.K. 1978. Combining ability in sesame. Indian J. Agric. Sci., 48(6): 362-364.

Goyal, S.N. and S. Kumar. 1988. Heterosis in relation to general and specif'ic combining ability in sesame. Indian J. Genet., 148(2):251-253.

Kempthrone, O. 1957. An introduction to genetics statistics. Biometrics, 5:10-19.

Mishra, A.K., L.N. Yadav, R.K.S. Tomar and l.S. Raghu. 1994. Heterosis and combining ability in genetical diverse line in sesame. Sesame and Saflower Newsl., 9:21-29.

Sarathe, M.L. and K.C. Dabral. 1969. Hybrid vigour in sesamum. Sci. & Cult., 35:572-573.

Shrivas, S.R. and S.P. Singh. 1981. Heterosis and combining ability in sesamum. Indian J. Genet., 41(1):1-4.

Yadav, L.N. and A.K. Mishra. 1991. Line x tester analysis of heterosis and combining ability in sesame. Sesame and Safflower Newsl., 5:46-54.

HETEROSIS FOR YIELD AND YIELD COMPONENTS IN SESAME (Sesamum indicum L. )

Deepa Sankar, P.1 and C.R. Ananda Kumar2
1Department of Agricultural Botany

Agricultural College and Research Institute, Madurai - 625014, India

2Department of Agricultural Botany

Agricultural College and Research Institute, Killikulam - 628252, India

ABSTRACT
Heterosis for days to 50 per cent flowering, plant height, number of primary branches per plant, number of capsules per plant, oil per cent and single plant yield were evaluated in 32 crosses derived from a 8 x 4 line x tester analysis in sesame. Heterosis was worked out over midparent, better parent and standard parent CO 1. Combinations TNAU 120 x CO 1 and DCH 25-1 x TMV 6 showed a highly significant relative heterosis, heterobeltiosis and standard heterosis for most of the traits including single plant yield and hence could be exploited for developing superior varieties. The best heterotic combinations for seed yield were DCH 25-1 x TMV 6, TNAU 118 x CO 1 and DCH 25-1 x SVPR 1, which recorded 200.20, 172.17 and 164.83 per cent standard heterosis, respectively, and can be utilized for hybrid development.

Key words : Sesame, heterosis, economic traits.

INTRODUCTION

Sesame (Sesamum indicum L. ), as a source of edible oil for human consumption with a high nutritive value and keeping quality, offers scope for the commercial exploitation of heterosis. Shull (1948) explained that heterosis is the genetic expression of the beneficial effects of hybridisation. The exploitation of hybrid vigour is one of the methods of plant breeding to develop cultivars with high yielding potential. The present investigation was undertaken to study heterosis for yield and yield components in 32 cross combinations in sesame.

MATERIALS AND METHODS

Eight genotypes viz., Konak, DCH 47-2-60, VS 9516, DCH 25-1, TNAU 118, YLM 40, PSR 1854 and TNAU 120 were crossed with four testers viz., CO 1, TMV 6, SVPR 1 and VRI 1 using a line x  tester mating design during August 1999. The resulting hybrids along with their parents were grown in December 1999 following a randomised block design with three replications. The parents were raised in rows of 1.5 m in length following a spacing of 45 x 15 cm between plants. Observations on five plants from each replication were recorded for days to 50 per cent flowering, plant height, number of primary branches per plant, number of capsules per plant, oil per cent and single plant yield. For all the characters, relative heterosis, heterobeltiosis and standard heterosis were estimated following Fonesca and Patterson (1968). Variety CO 1 was used as the standard parent.

RESULTS AND DISCUSSION

Heterosis was calculated as per cent increase or decrease over midparent, corresponding better parent and standard parent. The range of heterosis and number of crosses showing a desirable heterotic response for the characters studied are presented in Table 1. Table 2 shows the top three crosses with the highest relative heterosis, heterobeltiosis and standard heterosis for all the characters studied.

Table 1. Number of crosses showing desirable heterotic performance and range of heterosis for yield and yield components. 
Items
Days to 50 per cent flowering
Plant height
Number of primary branches per plant
Number of capsules per plant
Oil per cent
Single plant yield

No. of crosses with desirable relative heterosis
8
10
19
12
2
14

No. of Crosses with desirable heterobeltiosis
3
5
12
9
1
11

No. of Crosses with desirable standard heterosis
17
4
1
9
1
17

Range of relative heterosis (%) 
-15.65 to 14.29
-40.43 to 50.64
-34.07 to 63.81
-63.34 to 240.09
-35.31 to 109.56
-61.04 to 178.14

Range of heterobeltiosis (%)
-6.84 to 15.38
-47.62 to 36.63
-49.15 to 61.70
-64.23 to 204.46
-38.65 to 3.66
-65.45 to 111.20

Range of standard heterosis (%)
-19.84 to 7.44
-56.91 to 19.56
-66.27 to 34.91
-66.09 to 111.76
-40.36 to 1.75
-55.34 to 200.20

Table 2. Best three crosses showing  high heterotic  vigour  for yield and yield components.

Character
Relative heterosis
Heterobeltiosis
Standard heterosis

Days to 50 per cent flowering
TNAU 120 x SVPR 1

PSR 1854 x CO 1

DCH 25-1 x SVPR 1
PSR 1854 x CO 1 

TNAU 120 x SVPR 1

PSR 1854 x TMV 6
TNAU 120 x SVPR 1

DCH 47-2-60 x TMV 6

YLM 40 x SVPR 1



Plant height
DCH 25-1 x TMV 6

DCH 25-1 x SVPR 1

TNAU 118 x SVPR 1
DCH 25-1 x SVPR 1

DCH 25-1 x TMV 6

DCH 25-1 x VRI 1
DCH 25-1 x TMV 6 

TNAU 120 x VRI 1

TNAU 120 x CO 1



Number of primary branches per plant
DCH 47-2-60 x TMV 6

DCH 25-1 x TMV 6 

DCH 47-2-60 x SVPR 1
DCH 47-2-60 x SVPR 1

DCH 25-1 x TMV 6

DCH 47-2-60 x TMV 6
TNAU 120 x CO 1

           ----

           ----



Number of capsules per plant
DCH 25-1 x SVPR 1

DCH 25-1 x TMV 6

DCH 47-2-60 x TMV 6
DCH 25-1 x SVPR 1

DCH 25-1 x TMV 6 

TNAU 120  x SVPR 1
TNAU 118 x CO 1

DCH 25-1 x TMV 6 

DCH 47-2-60 x TMV 6



Oil per cent
TNAU 118 x VRI 1

DCH 25-1 x TMV 6   

            ----
TNAU 118 x VRI 1

           ----

           ----
DCH 25-1 x TMV 6

          ----

          ----



Single plant yield
DCH 25-1 x SVPR 1

DCH 25-1 x TMV 6

DCH 47-2-60 x TMV 6
DCH 25-1 x TMV 6

DCH 25-1 x SVPR 1

TNAU 120 x SVPR 1
DCH 25-1 x TMV 6

TNAU 118 x CO 1

DCH 25-1 x SVPR 1

In the present study three crosses viz., PSR 1854 x CO 1, PSR 1854 x TMV 6 and TNAU 120 x SVPR 1 exhibited a significant negative heterosis, heterobeltiosis and standard heterosis for days to 50 per cent flowering. Similar results were reported by Alam et al. (1999). DCH 25-1 x TMV 6, TNAU 118 x SVPR 1 and TNAU 120 x CO 1 showed significant positive heterosis over mid parent, better parent and standard parent for plant height. Navadiya et al. (1995) reported a significant positive heterosis for plant height. TNAU 120 x CO 1 exhibited significant and positive heterotic values on all the three bases for the number of primary branches per plant. Similar results were reported by Alam et al. (1999).

For the number of capsules per plant, seven crosses viz., DCH 47-2-60 x TMV 6, VS 9516 x TMV 6, DCH 25-1 x TMV 6, DCH 25-1 x SVPR 1, TNAU 118 x CO 1, TNAU 118 x VRI 1 and TNAU 120 x CO 1 recorded significant positive relative heterosis, heterobeltiosis and standard heterosis. For oil per cent, none of the crosses reported significant and positive heterotic values on all the three bases. However, crosses DCH 25-1 x TMV 6 and TNAU 118 x VRI 1 expressed a significant positive relative heterosis and DCH 25-1 x TMV 6 expressed significant positive standard heterosis. Low heterosis for oil content was reported by Navadiya et al. (1995). Significant and positive heterotic values for single plant yield on all the three bases were found in ten crosses viz., DCH 47-2-60 x TMV 6, DCH 47-2-60 x VRI 1, VS 9516 x TMV 6, DCH 25-1 x CO 1, DCH 25-1 x TMV6, DCH 25-1 x SVPR 1, DCH 25-1 x VRI 1, TNAU 118 x CO 1, TNAU 120 x CO 1 and TNAU 120 x SVPR 1. Similar results were reported by Padmavathi (1998).

The cross TNAU 120 x CO 1 had a high heterotic vigour for four traits viz., plant height, number of primary branches per plant, number of capsules per plant and single plant yield. DCH 25-1 x TMV 6 was superior for three traits viz., plant height, number of capsules per plant and single plant yield. TNAU 120 x SVPR 1 was superior for days to 50 per cent flowering and single plant yield. The high heterotic crosses can be utilized for developing superior hybrids.
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ABSTRACT

Line x tester analysis involving 11 females and 3 males from diverse origins revealed a greater magnitude of sca variances for seed yield per plant, capsules-bearing plant height, branches per plant, capsules per plant and 1000-seed weight as well as greater gca variances for days to maturity and plant height. Among the females, genotype IS-225-2 for seed yield and IS-186-1 for early maturing and capsules per plant were the best general combiners. Among the male parents, genotype RT-305 was the best general combiner for all the characters except capsules per plant. Four crosses, IS-147 x RT-274, HT-24 x RT-274, IS-240(B) x RT-305 and NIC-8409 x RT-274 were the best for both seed yield and capsules/ plant.

INTRODUCTION

Information on gene action and combining ability helps in the choice of suitable parents for hybridization programmes for developing superior F1 hybrids that exploit hybrid vigour and/ or genotypes to be used in the breeding programme. In sesame, although studies in this aspect have been carried out (Reddy, 1984; Macharo et al., 1995), more information about combining ability is required. With this aim, the present study was undertaken to determine the extent of heterosis as well as gene action for seed yield and its components.

MATERIALS AND METHODS

Eleven female parents, viz. IS-147, IS-225-2, IS-352, GRT-8603, NIC-8388, IS-186-1, HT-24, TC-187, IS-240(B), IS-686-1, NIC-8409 and three male parents, viz. RT-305, RT-274 and RT-54 along with 33 F1’s were grown in a randomized block design with two replications at the Agricultural Research Station, Mandor in 1999. Each plot consisted of one single row with a row length of 2m. Observations for seven characters were recorded on five random plants from each plot. The analysis of combining ability was done as suggested by Kempthorne (1957).

RESULTS AND DISCUSSION

The analysis of the genotypic variances showed that significant genetic differences existed in all the characters studied (Table 1). The variances due to males were greater than those due to females for all the characters except for capsules per plant, indicating a greater diversity in the males than in the females. The variance due to the L x T interaction was significant for all the characters, thereby showing their high specific combining ability (Ram,1995). The relative estimates of variance due to sca were higher than those for gca for all the characters except days to maturity and plant height, indicating the predominance of non additive gene action. Similar findings were reported in sesame by Geeta and Subramanian (1992) and Anandakumar and Sivasamy (1995).

Table 1: Analysis of variance for parents and combining ability for six different characters in sesame.

Source of variation
df
Seed yield per plant
Days to maturity
Plant height
Capsules-bearing plant height
Capsules per plant
1000-seed weight

Genotypes
46
5.68**
8.29**
322.53**
311.78**
131.56**
0.741**

Parents
13
0.98**
4.13**
90.85**
58.11**
37.23**
0.162**

Parents vs crosses
1
20.57**
35.63**
6407.44**
6559.83**
2025.38**
0.37**

Crosses
32
7.12**
9.12**
226.49**
219.58**
110.70**
0.99**

Lines
10
8.31**
12.24**
299.34**
270.49**
217.86**
1.49**

Tester
2
31.2**
41.70**
1150.89**
1053.64**
34.04**
2.95**

Line x Tester
20
4.11**
4.30**
97.62**
110.72**
64.78**
0.54**

Error
46
0.017
1.45
10.67**
7.68
10.62
0.016

  Component of variance

GCA variance
1.12
1.61
44.8
39.38
4.37
0.12

SCA  variance
2.05
0.35
42.7
51.77
27.7
0.26

(2GCA/(2SCA
0.55
4.6
1.05
0.76
0.16
0.46

   * and ** significant at 5% and 1% level of significance, respectively.

The gca estimates (Table 2) revealed that in the males, genotype RT-305 was the best general combiner for all the characters except for capsules per plant. In the females, IS-225-2 was the best general combiner for seed yield and also a good general combiner for early maturity, plant height, capsules-bearing plant height, capsules per plant and 1000-seed weight. Genotype  IS-186-1 was the best general combiner for early maturing and capsules per plant and also a good general combiner for seed yield and 1000-seed weight. These parents could be utilized extensively in hybridization programmes to exploit their maximum genetic variability and to isolate transgressive segregants for seed yield.

Table 2: Selected parents/hybrids possessing desirable significant gca effects for six characters in sesame

Characters 
Parents showing significant gca effects


Lines
Tester

Seed yield per plant
IS-147, IS-225-2, IS-186-1, HT-24, TC-187, NIC-8409
RT-305

Days to maturity
IS-225-2
RT-305

Plant height
IS-225-2,  IS-147, HT-24, NIC-8409
RT-305

Capsules-bearing plant height
IS-147, IS-225-2, NIC-8388, HT-24, TC-187
RT-305

Capsules per plant
IS-147, IS-225-2, IS-186-1, IS-240(B)
-

1000-seed  weight
IS-147, IS-225-2, IS-186-1, IS-352, GRT-8603, NIC-8388
RT-305

Fifteen and eight out of 33 F1’s showed a significant positive sca for seed yield and capsules per plant, respectively (Table 3). The crosses IS-147 x RT-274, IS-225-2 x RT-305, HT-24 x RT-274, IS-240(B) x  RT-305 and NIC-8409 x RT-274 showed significant sca effects for both traits. Thus it would be worthwhile to attempt biparental matings in the segregating generation in some of these selected crosses to permit better recombinations. These results indicate that there is a direct relationship between sca and biparental heterosis for both characters. All the 15 crosses for seed yield and 8 for capsules per plant showed significant sca and heterosis. Thus, selection of a cross combination for hybrid seed production on the basis of high sca and heterosis would be more desirable for achieving the goal.

Table 3: Best crosses selected for seed yield and capsules per plant on the basis of sca and heterosis over the best parent 

Crosses
Seed yield per plant
Capsules per plant


sca
% heterosis
sca
% heterosis

IS-147 x RT-305
0.2*
68.3**
-0.4
34.4**

IS-147 x RT-274
1.7**
48.3**
5.5*
50.0**

IS-225-2 x RT-305
0.009
87.3**
5.4*
46.5**

IS-225-2 x RT-54
0.19**
56.2**
-3.2
16.5

IS-352 x RT-305
0.28**
10.2**
0.4
16.5

IS-352 x RT-54
056**
29.0**
0.96
11.9

GRT-8603 x RT-54
1.44**
36.3**
0.43
-9.66

NIC-8388 x RT-274
-1.58**
-43.8**
6.3**
43.5**

NIC-8388 x RT-54
1.96**
48.3**
-4.5*
7.9

IS-186-1 x RT-305
-0.06
54.3**
7.7**
74.7**

IS-186-1 x RT-54
1.18**
51.4**
-11.8**
59.1**

HT-24 x RT-274
1.66**
43.7**
4.1*
25.7**

TC-187 x RT-274
0.82**
30.7**
-0.6
-3.41

TC-187 x RT-54
0.85**
55.5**
2.0
-0.6

IS-240(B) x RT-305
1.25**
22.0**
4.6*
42.3**

IS-686-1 x RT-305
1.48**
35.0**
-4.4*
-6.2

IS-686-1 x RT-54
-0.641**
-76.3**
9.1**
26.1**

NIC-8409 x RT-305
0.34**
42.5**
-4.4*
-1.1

NIC-8409 x RT-274
1.73
25.0**
6.4**
26.4**

* and ** significant at 5% and 1% level of significance, respectively.

Five crosses, IS-147 x RT-274, IS-225-2 x RT-305, HT-24 x RT-274, IS-240(B) x RT-305 and NIC-8409 x RT-274 showed significant sca and heterosis for both seed yield and capsules per plant. These crosses could be used for production of manual hybrids.

The parents involved in the crosses identified as promising were medium x high, high x low and medium x low general combiners for seed yield and its component characters. This indicates that nonadditive types of gene action, which are nonfixable, were involved in these crosses. Therefore, nonconventional breeding methods, e.g. biparental mating and/or diallel selective mating, which accumulate favourable genes in homozygous state or helps in breaking the linkage blocks, are advisable in such situations. The results of the present study suggest that heterosis coupled with high sca effects may be considered as a criterion for selecting the best cross combinations for further improvement of seed yield and capsules per plant in sesame.
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ABSTRACT

Twenty-five sesame genotypes grown in three different seasons were evaluated for the stability of seed yield. Genotype by environment interaction and stability were determined by additive main effects and multiplicative interaction model (AMMI). The genotypes EC 357017, EC 357020, EC 351905 and EC 357022 were stable across environments. The summer season was identified as being the best environment for growing the present set of genotypes.

Key words: Sesame, stability, AMMI, PCA

INTRODUCTION

Sesame is recognized as an important oil seed crop in India. Cultivated sesame is an annual crop, which matures in less than 105 days and contains 40-60 percent oil in its small, oblong seeds. As sesame is a short day plant and sensitive to photoperiod, temperature and moisture stress, the yield is not stable and varies widely. When genotypes respond differently to a change in the environment, the phenomenon of genotype by environment interaction is said to occur. Because of the genotype by environment interaction, the selection of stable genotypes that interact less with the varying environments in which they are to be grown is required. In this context, a study with twenty-five sesame genotypes was programmed to assess the genotype by environment interaction.

MATERIALS AND METHODS

The material for this study comprised 25 sesame genotypes maintained within a programme of inbreeding through generations from a gene pool established at the Agriculture CoIIege and Research Institute, Madurai. The crop was raised in three growing periods viz., June-July (Kharif), October-November (Rabi), February-March (Summer) of 1996‑1997 using randomised block design with 3 replications spaced at 30 x 30 cm. Each genotype was sown in a single row of 3 m in length. Observations on seed yield per plant were recorded on 10 randomly chosen plants.

To evaluate the interaction effects, the data was subjected to stability analysis following AMMI model (Zobel et al., 1988). The AMMI model is a hybrid statistical model incorporating both ANOVA (for additive component) and principal component analysis (PCA) (for multiplicative component) for analysing two-way (genotype by environment) data structure. This model has been recommended for statistical analyses of yield trials, and it was preferred over any other customary statistical analyses such as ordinary ANOVA, principal component analysis and linear regression analysis (Gauch and Zobel, 1988; Nachit et al., 1992).

RESULTS AND DISCUSSION

Results of AMMI analysis are presented in Table 1. The mean squares for genotypes, seasons (environments) and G x E interactions were highly significant, indicating the existence of a wide range of variation between the genotypes and between the seasons and that the performance of genotypes was differential over seasons. The genotype sum of squares was nearly 80 times as large as G x E interaction sum of squares. The IPCA axes 1 and 2 were significant and the residual was zero.

Table 1. AMMI analysis of variance for seed yield plant-1 of 25 sesame genotypes

Source
df
SS
MS

Genotype
24
14755.82
614.83**

Environment
2
143.97
71.98**

GxE
48
175.53
3.66**

I PCA 1
25
117.34
4.69**

I PCA 2
23
58.88
2.56**

Residual
0
-
-

Error
144
58.40
0.41

** Significant at 1% level

The IPCA scores and the mean values of genotypes and environments were marked in the biplot graph (Figure 1), which shows the main and interaction effects. When a genotype and an environment have the same sign on the PCA axis the interaction is positive, if different, their interaction is negative. If a genotype or an environment has a PCA score of nearly zero, it has small interaction effect. The genotypes EC 357017, EC 357020, EC 351905 and EC 357022 were stable across the environments. CO 1 was an extremely interactive cultivar. Though SVPR 1 and TMV 6 were almost equal in yield, SVPR 1 was more interactive than TMV 6. TMV 3 and TMV 6 were almost equal in yield but TMV 6 was less interactive than TMV 3. When the three seasons were compared, the third one (summer) emerged as less interactive. Thus summer season (February‑March) was identified as the best and least interacting environment for growing the present set of genotypes.

Zobel et al. (1998) in soybean, Crossa et al. (1990) in maize, Romagosa et al. (1993) in barley and Sharma et al. (1998) in pearl millet also conducted AMMI analysis and predicted the stability of genotypes on the basis of mean performance and magnitude of IPCA scores.
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Fig. 1. Biplot of the 1st and 2nd principal components for seed yield of 25 sesame genotypes
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HERITABILITIES, GENETIC CORRELATIONS AND PATH COEFFICIENTS OF SOME AGRONOMIC TRAITS IN DIFFERENT CULTURAL ENVIRONMENTS IN SESAME
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ABSTRACT
This study was conducted to analyze the responses of some agronomic traits to the different cultural environments and the relationships among the agronomic traits; with the objective of selecting sesame varieties with higher stabilities. The stability parameters measured after including several locations and years in Korea were the coefficient of variability, heritabilities, genetic correlations and path coefficients of agronomic traits. The heritability values of agronomic traits depended on locations and years. They were higher in Iksan and Taegu areas in 1998 and lower in Iksan and Singu in 1999. The number of seeds per capsule and 1000-seed weight showed higher heritability values, but they were relatively lower for culm length and seed yield per plant. Of six areas, Jinju area showed the greatest coefficient of variability for yield in 1998 and 1999. Genetic correlations were slightly higher than the corresponding phenotypic correlations. Culm length showed positive genetic correlation with both the number of capsules per plant and seed yield per plant, whereas the number of capsules per plant showed positive genetic correlation with seed yield per plant. In the analysis of path coefficients, culm length and number of capsules exerted a great effect on grain yield. Great regional variations were observed for the effects of agronomic traits on grain yield. Higher direct effects of culm length on grain yield were observed at Suwon, Chungwon, Taegu, Jinju and Naju areas, but in Iksan area a higher direct effect of the number of capsules per plant on grain yield was observed in 1998. In 1999, higher direct effect of culm length on grain yield was observed at Chungwon and Suwon areas. In Iksan and Taegu areas, higher direct effect of the number of capsule per plant on grain yield was also observed. 

Key words: Sesame, traits, variation, heritability, genetic correlation, path coefficient 

INTRODUCTION

Sesame (Sesamum indicum L.) is very sensitive to changes in cultural environments compared to other crops. Average grain yields of sesame in Korea vary according to locations and years. Therefore the main targets of sesame researchers have usually focused on breeding new varieties with more stability under different environments. The first genetic analysis of some agronomic traits in sesame was conducted by Lee (1959). Later, several reports on genetic analysis of agronomic traits in sesame were reported in Korea (Lee,  1983 ; Lee and Chang, 1986). In these studies, maturing date and number of seeds per capsule showed higher heritability, but it was lower for 1000-seed weight and seed yield per plant. In path coefficient analysis, the number of capsules per plant, 1000-seed weight and the number of seeds per capsule were shown to have a higher direct effect on grain yield (Lee et al., 1986). The present experiment was conducted to analyze genetic relationships among agronomic traits as well as the responses of such traits to the different cultural environments with the objective of determining adequate parameters needed to select more stable sesame varieties.

MATERIALS AND METHODS

The experiment was conducted at Suwon, Iksan, Taegu, Chungwon, Jinju and Naju areas in Korea in 1998-1999. Nine varieties and selected lines were used: Yangbaekkae, Ansankkae, Suwon 158, Suwon 162, Suwon 168, Suwon 169, Iksan 12, Iksan 14, Iksan 15. Black polyethylene film with holes of 30 x 10 cm interface was mulched and thinned to grow one plant per hole. Fertilizer (N-P2O5-K2O=8-4-9) was applied as basal fertilizer. Soil characteristics at six locations in 1998-1999 were analyzed. PH value ranged from 5.5 to 7.1, O.M.(%) from 0.30 to 0.87, and average P2O5 from 20.3 to 130.0. Among the ex- cations K ranged from 0.14 to 1.86, Ca from 2.70 to 5.90 and Mg from 0.87 to 3.23. C.E.C (mg/100 g) ranged from 4.73 to 10.90. The experiment plot was arranged in a randomized block design with 3 replications. Flowering date was measured at the time of 50% flowering stage and maturing date was computed at the time when two or three of the lower leaves turned yellowish. Culm length was measured from the ground level to the tip of the main stem. Number of capsules per plant, number of seeds per capsule, 1000-seed weight and seeds yield per plant were also measured. 

Heritability in broad sense was estimated by h2 = σ2G/(σ2G+σ2E)  where σ2G means genetic variance and σ2E means environmental variance. Path coefficient analysis was conducted following Dewey and Lu (1959). Phenotypic, genetic and environmental correlations were calculated by the following equations:

Genetic correlation : rG = Cov·XYG/√(σ2XG·σ2YG)

Phenotypic correlation : rPh = Cov·XY/√(σ2X·σ2Y)

Environmental correlation : rE = Cov·XYE/√(σ2XE·σ2YE)

RESULTS AND DISCUSSION

Comparison of heritabilities among agronomic traits of sesame selected lines
Heritabilities of agronomic traits in sesame selected lines were different according to years and locations. In 1999, heritabilities of agronomic traits were lower than those obtained in 1998 (Table 1).

The heritability of culm length, number of capsules per plant and 1000-seed weight ranged from 0.17 to 0.65, 0.12 to 0.94 and 0.57 to 0.86, respectively. Generally, the number of seeds per capsule and 1000-seed weight showed higher heritabilities than the other traits. 

Comparison of correlations between agronomic traits of sesame selected lines

Correlations among agronomic traits in six locations and two years are shown in Table 2.

In 1998, culm length in Iksan and Naju areas showed positive correlation with the number of capsules per plant. In Chungwon area, culm length showed a highly positive correlation with the number of seeds per plant and 1000-seed weight. In 1999, culm length in Taegu and Naju areas showed highly positive correlation with the number of capsules per plant. In Suwon area, culm length showed positive correlation with seed yield per plant. Number of capsules per plant showed in all cases a negative correlation with both the number of seeds per capsule and 1000-seed weight, but had a positive correlation with seed yield per plant. Number of seeds per capsule generally showed a negative correlation with 1000-seed weight, seed yield per plant. 1000-seed weight showed a positive correlation with seed yield per plant. 

Table 1. Genetic, environmental phenotypic, variance and heritability estimate at six locations in 1998-1999

Locations
Statistics value

Culm length

Number of capsules 

per plant

Number of seeds 

per capsule

1000 seed weight

Seed weight 

per plant




     1998
     1999

     1998
      1999

     1998
     1999

    1998
  1999

  1998
   1999

Suwon
Vg

Ve

Vph

h2

17.6351

35.1141

52.7492

0.3299
5.8767

4.4798

10.3565

0.5674

22.1148

15.4678

37.5826

0.5884
9.7787

13.7383

23.5170

0.4158

18.7447

2.1658

20.9135

0.8963
5.2460

1.4804

6.7264

0.7799

0.0259

0.0142

0.0401

0.6463
0.0043

0.0028

0.0071

0.6067

0.0904

0.1851

0.3755

0.3280
0.1739

0.2431

0.4170

0.4169



















Iksan
Vg

Ve

Vph

h2

98.9232

34.6391

133.5623

0.7407
25.7082

245.2177

270.9259

0.09489

79.9450

 22.2860

102.2310

 0.7820
9.4165

44.2506

53.6671

0.1755

15.9214

1.1487

17.0363

0.9327
5.1445

4.5895

9.7340

0.5285

0.0170

0.0085

0.0255

0.6675
0.0180

0.0101

0.0281

0.6411

2.1641

0.0566

2.2207

0.9254
0.1554

0.1626

0.3180

0.3936

Chung-

won
Vg

Ve

Vph

h2

52.7540

85.6530

138.4070

0.3812
39.8002

45.1905

84.9907

0.4683

32.4546

40.6786

73.1332

0.4438
44.1850

58.6946

102.8796

0.4295

8.1211

34.5097

42.6308

0.1905
0.8474

15.4397

16.2871

0.0520

0.0175

0.0052

0.0227

0.7695
0.0648

0.0044

0.0692

0.8108

0.1196

0.0737

0.1933

0.5695
0.2544

0.1794

0.4338

0.5864

Taegu
Vg

Ve

Vph

h2

9.5224

15.8701

25.3925

0.3750
9.4701

21.3370

30.8071

0.3074

27.95

8.2982

36.2482

0.7711
17.8228

22.9395

40.7623

0.4372

16.6106

1.3947

18.0053

0.9225
5.4174

2.6657

8.0831

0.6702

0.0163

0.0032

0.0195

0.8353
0.0179

0.0027

0.0206

0.8701

0.1855

0.0246

0.2101

0.8829
0.0259

0.0869

0.1118

0.2293

Jinju
Vg

Ve

Vph

h2

55.3768

60.7991

116.1759

0.4767
30.3926

31.0241

61.4167

0.4949

136.8147

66.3706

203.1853

0.6733
24.6805

102.5417

127.2222

0.1940

13.5028

0.5724

14.0752

0.9593
6.0001

0.5969

6.5970

0.9095

0.0289

0.0122

0.0411

0.7029
0.0098

0.0028

0.0126

0.7798

0.3473

0.4029

0.7502

0.4603
0.0185

0.0784

0.0969

0.1910

Naju
Vg

Ve

Vph

h2

48.3619

45.9807

94.3426

0.5126
1.5595

51.9034

53.4629

0.02917

46.6989

13.9863

60.6852

0.7695
13.7083

26.9583

40.6666

0.3371

10.9087

0.6130

11.5217

0.9468
4.5225

0.4508

4.9733

0.9094

0.0041

0.0036

0.0077

0.5351
0.0029

0.0013

0.0042

0.6965

0.1120

0.1485

0.2605

0.4299
0.0299

0.0532

0.0831

0.3602

Table 2. Genotypic correlations estimated among the agronomic traits at six locations and two years of 1998-1999

 Characters

Locations

Number of capsules

per plant

Number of seeds

per capsule

1000-seed weight

Seed weight 

per plant





   1998              1999

 1998
     1999

   1998
   1999

 1998
    1999

Culm length

Suwon

Iksan

Chungwon

Taegu

Jinju

Naju

0.5847*

0.7829**

0.4123

0.5605

0.4108

0.7610**
0.6867*

0.1193

0.4315

0.9424**

0.6070*

0.9612**

0.5965*

0.0173

0.9209**

0.3966

0.1172

0.0789
0.5189

0.3549

0.0920

0.1186

0.9720**

0.9979**

0.3773

0.7179*

0.6170*

0.7870**

0.2238

0.2784
0.0566

0.3203

0.3759

0.3464

0.1912

0.9469**

0.7881**

0.8340**

0.9664**

0.7720**

0.5854

0.7300**
0.7585**

0.1517

0.1286

0.6932*

0.5555

0.6750*

Number of capsules 

Per plant



Suwon

Iksan

Chungwon

Taegu

Jinju

Naju




0.4760

-0.2111

-0.6236*

-0.1243

-0.5981

-0.4152
0.2402

0.1485

0.5100

0.2032

0.4037

0.4578

0.0640

0.7660**

-0.0459

0.5981*

-0.7787**

0.1056
0.2735

0.2031

0.3667

-0.1855

-0.6574*

0.7992**

0.1054

0.9574**

0.5071

0.5779

0.5648

0.6710*
0.8082**

0.8591**

0.0443

0.9351**

-0.1931

0.8022**

Number of seeds 

per capsule



Suwon

Iksan

Chungwon

Taegu

Jinju

Naju







0.1134

0.2910

0.2371

0.1515

-0.3800

-0.4930
0.4381

0.3749

0.5928*

0.1169

0.1787

0.5665

-0.4288

-0.0478

0.6029*

0.2825

-0.2560

-0.4930
0.1360

0.2416

0.0459

0.4979

0.8926**

0.8720**

1000

seed weight



Suwon

Iksan

Chungwon

Taegu

Jinju

Naju










-0.5053

0.8904**

0.3519

0.7369**

0.1889

0.2783
-0.0952

0.8036**

-0.2499

-0.5666

-0.0223

0.0047

Table 3. Phenotypic correlations estimated among the agronomic traits at six locations and two years of 1998-1999

Characters

Locations

Number of capsules

per plant

Number of seeds

per capsule

1000 seed weight

Seed weight 

per plant





     1998         1999

      1998                 1999

    1998              1999

    1998              1999

Culm length



Suwon

Iksan

Chungwon

Taegu

Jinju

Naju

0.5555 

0.7072**

0.6014*

0.5921*

0.5176

0.5982*
0.3793

0.2550

0.2814

0.8249**

0.2234

0.7393*

0.3115

0.0365

0.3104

0.4218

0.0096

0.1198
0.2496

0.0825

0.2084

-0.1186

0.5499

0.2793

0.0728

0.5287

0.3658

0.2942

0.1357

0.3415
0.3174

-0.0485

0.3787

0.1665

-0.0216

0.6169*

0.1110

0.7727**

0.8089**

0.5445

0.3505

0.6998*
0.5656

0.1842

0.2202

0.5540

0.2382

0.6310*

Number of capsules per plant



Suwon

Iksan

Chungwon

Taegu

Jinju

Naju




0.2995

-0.1765

0.1022

-0.0462

-0.3936

-0.3316
0.3232

0.0206

0.0034

-0.0365

0.1046

0.2693

0.0634

0.4356

0.1094

0.3094

0.1589

0.0724
0.1276

-0.1357

0.2006

-0.1197

-0.2440

0.7035*

0.0946

0.8965**

0.7078*

0.6116*

0.5327

0.6484*
0.4917

0.7944**

0.4031

0.7583*

0.2940

0.7537*

Number of seeds 

per capsule



Suwon

Iksan

Chungwon

Taegu

Jinju

Naju







-0.0474

0.2852

-0.0113

0.0886

-0.0738

0.1346
0.2623

0.1670

0.4337

0.0810

0.1318

0.4998

-0.7808**

-0.0172

0.4753

0.2692

-0.0737

0.1124
0.0944

0.2689

-0.0187

-0.1357

0.0461

0.5535

1000

seed weight



Suwon

Iksan

Chungwon

Taegu

Jinju

Naju










-0.5053

0.7115*

0.3846

0.4839

0.6699*

0.0625
0.0468

0.3841

-0.1961

-0.1375

-0.0216

0.7869*

Genetic correlations were slightly higher than the corresponding phenotypic correlations, which followed similar trends (Table 3). 

Comparison of path coefficients of some agronomic traits of sesame breeding lines at different locations

The most important agronomic traits determining grain yield in the path coefficient analysis were culm length and number of capsules per plant. The number of seeds per capsule and 1000-seed weight were also important traits in several locations (Fig. 1,2,3).
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Fig. 1. Path diagram and coefficients of agronomic traits affecting seed yield in two years of 1998-1999 (Left: Suwon, Right: Iksan)

       #  X1 : Culm length,        X2 : Number of capsules per plant,      X3 : Number of seeds per capsule, 

          X4 : 1000 seed weight,    Y  : Seed yield per plant
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In 1998, the most important direct effects on grain yield in the different locations were as follows : culm length (P1y=2.4552), and number of seeds per capsule (P3y=-0.5425) in Suwon area; number of seeds per capsule (P2y=0.6488) and 1000-seed weight (P4y=0.3181) in Iksan area; culm length (P1y=0.6867) and number of capsules per plant (P3y=0.3532) in Chungwon area; culm length (P1y=1.5990) and number of seeds per capsule (P2y=-0.3246) in Taegu area; culm length (P1y=0.6514) and number of capsule per plant (P2y=-0.0012) in Jinju area; culm length (P1y=1.3481) and 1000-seed weight (P4y=0.0609) in Iksan area. 
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Fig. 2. Path diagram and coefficients of agronomic traits affecting seed yield in two years of 1998-1999 (Left : Chungwon, Right : Taegu)

In 1999, the most important direct effects on grain yield were: number of seeds per capsule (P3y=0.6209) and culm length (P1y=0.4090) in Suwon area; number of seeds per capsule (P2y=0.7407) and 1000-seed weight (P4y=0.7326) in Iksan area; culm length (P1y=0.3339) and number of capsules per plant (P3y=0.1759) in Chungwon area; number of seeds per capsule (P2y=4.6796) and 1000-seed weight (P4y=2.4000) in Taegu area; number of capsules per plant (P2y=4.6796) and culm length (P1y=2.4600) in Jinju area; number of seeds per capsule (P3y=1.5986) and culm length (P1y=1.1206) in Iksan area.
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Fig. 3. Path diagram and coefficients of agronomic traits affecting seed yield in two years  (1998-1999) (Left: Jinju, Right: Naju)

In summary, the number of seeds per capsule and 1000-seed weight showed relatively higher heritabilities. Culm length showed positive correlation with the number of capsules per plant and seed yield per plant. Culm length and the number of capsules per plant showed the largest direct effects on grain yield in sesame. These results will be important to determine indexes for selecting sesame varieties with higher environmental stability. 
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Abstract

Genetic studies on sesame revealed that the phenotypic and genotypic coefficients of variation, heritability and genetic advance were high for 1000 seed volume and seed density. The volume of 1000 seeds was the least sensitive to seasonal changes. The hybrid C.16 (small seeded) x TMV3 (large seeded) recorded the maximum seed density (1.18 g/ml). The standard heterosis was 58.78 per cent.

Key Words: Sesame, seed size, reciprocal recurrent selection 

Introduction 

Larger seeds may result in a greater seedling reserve, better seedling vigour and, hence, a better stand establishment and, ultimately more stable yields, on farmers fields, from one year to the next. Therefore, breeding for large seed size gains importance. Information in this regard is very scarce in sesame (Sesamum indicum L.). The present study was formulated to find out the variability, association pattern, stability, combining ability, heterosis, and gene action for seed size characters and to find out the scope of breeding for large seed size in sesame.

Materials and methods

A total of 1168 genotypes of sesame were grouped into three seed size classes based on 1000 seed weight as given below:

Large:  Greater than mean + 1SD = > 3.21 g

Medium: In between mean ( 1SD = 2.53 to 3.21g

Small: Less than mean – 1SD = < 2.53g

Out of 1168 genotypes evaluated, 207 genotypes comprising 39 large, 121 medium and 47 small seeded ones were selected and raised in the field during September, 1988. The seeds were harvested from the selected 207 genotypes and evaluated for 1000 seed weight. They were again classified into the aforementioned three seed size classes by following the same procedure.

Table 1. Sesame genotypes used for the study 

Genotype  No.
Genotypes
Genotype  No.
Genotype
Genotype  No.
Genotypes
Genotype  No.
Genotypes
Genotype  No.
Genotypes

G. 1
S.02184 (L)
G.13
Si.1160
G. 25
Margo.7
G.37
Si.1755 (L16)
G.49
IS.299 (L23)

G. 2
S.00027 (L2)
G. 14
Si.1209
G. 26
N.369.50
G. 38
Si.2678 (L17)
G. 50
NAL.79.111.4.20

G. 3
S.00028 (L3) (P1)
G. 15
Si.1210 (L8)
G. 27
PDK.8
G. 39
Si.3175 (L18)
G. 51
NS.78.221.321 (L24)

G. 4
S.00033 (L4)
G.16
Si.1278
G. 28
S.0327 (L11) (P2)
G. 40
TMV.4 (T2)
G. 52
S.0210 (L25)

G. 5
IS.298
G. 17
Si.1669
G. 29
S.0431 (L12)
G. 41
AT.9
G. 53
S.0321

G. 6
S.
G. 18
Si.1703
G. 30
S.0516 (L13)
G. 42
C.16 (L19)
G. 54
S.0325

G. 7
Si.930
G. 19
Si.229 (L9)
G. 31
S.0604
G. 43
Ciannoo 27/1 (L20)
G. 55
S.0328

G. 8
Si.1033
G. 20
TMV.3 (T1)
G. 32
S.0607
G. 44
Co.1
G. 56
S.0551 (L26)

G. 9
Si.1075 (L5)
G. 21
B(1)S. 100043
G. 33
S.0639
G. 45
EC.137.935
G. 57
S.0554

G.10
Si.1088
G. 22
G.51.266 (L10)
G. 34
Si.953 (L14)
G. 46
HT.6
G. 58
S.00646

G.11
Si.1147 (L6)
G. 23
IS.212
G. 35
Si.1249 (L15)
G. 47
IS.102 (L21)
G. 59
S.TMV.6 (T3)

G.12
Si.1150 (L7)
G. 24
JLT.7
G. 36
Si.1702
G. 48
IS.232 (L22)
G. 60
AC.No.672.3.130.12(L27) (P3)

G.1 to G.60
=
Genotypes utilised for the study of variability, stability and diversity analysis 

L1 to L27
=
Genotypes used as lines

T1 to T3
=
Genotypes used as testers 

G1 to G20 = Large seeded genotypes; G21 to G40 = Medium seeded genotypes; G41 to G60 = small seeded genotypes 

The genotypes which fell in their respective classes in the two consecutive evaluations were identified and selected. A maximum of 20 genotypes were observed to fall consistently in the medium class. These 20 medium genotypes along with 20 large and 20 small genotypes were raised in the field during January and June, 1989.  All the plants were selfed. The data recorded on 60 genotypes in the three subsequent seasons were utilized for the estimation of variability, heritability, genetic advance, correlation, and stability analysis. Both individual and pooled analyses were done but only the pooled analysis is reported in this paper.

Studies on combining ability and heterosis were performed with 81 hybrids. Twenty-seven lines (comprising  nine large-seeded, nine medium seeded and nine small-seeded genotypes) were crossed with three testers (representing one large seeded, one medium seeded and one small-seeded genotype), during September 1988. The seeds of 81 hybrid combinations were sown in two seasons (January and July, 1989). All the parents and hybrids were selfed and individual and pooled analyses were performed (Table 1).

All the experiments were conducted in a randomized block design, replicated twice. The spacing adopted was 30 x 15 cm. Recommended agronomic practices and needs-based plant protection measures were adopted. Observations were recorded on five randomly selected competing plants per replication, in all the genotypes studied for univariate and multivariate analyses, as well as on hybrids of line x tester origin. Data were recorded on five seed size characters namely seed length, seed breadth, 1000-seed weight, 1000-seed volume and seed density. Statistical analyses were done by standard methods. 

Results and discussion 

The nature and extent of genetic variation, the degree of heritability and the genetic gain which can be attained by selection for seed size characters were estimated  and presented in Table 2. As shown in the table the genotypic coefficient  of variation and the genetic advance were higher for 1000-seed volume followed by seed density, indicating the existence of fixable genetic variations for these characters. These traits may be improved by following simple selection procedures. The other seed size  characters exhibited a high heritability coupled with less genetic advance. These characters may be controlled by non-additive genes, which can be exploited in later generations.

Table 2. Variability, heritability and genetic advance (GA) for seed size characters in sesame pooled analysis (three seasons) 

Characters
PCV
GCV
h2 (%)
GA (% over mean)

Seed length 
4.31
3.91
82.23
7.31

Seed breadth 
4.60
3.11
45.69
4.33

1000-seed weight 
9.70
8.25
72.41
14.48

1000-seed volume 
24.00
23.75
97.99
48.48

Seed density 
18.65
17.35
86.54
33.28

PCV = phenotypic coefficient of variation

GCV = genotypic coefficient of variation

Analyses of variance for the phenotypic stability of seed size characters are presented in Table 3. The mean squares for genotype, season and genotype x season interaction were significant for the 1000 seed volume only. The highly significant genotype x season interaction mean squares revealed that different genotypes reacted differently to varying seasons. The ratio of the non linear to linear component was widest for the 1000-seed volume, indicating that this character was least sensitive to seasonal changes and that prediction with precision is possible. Out of the sixty genotypes studied, the genotype named Si.1075 exhibited a high mean, coupled with a high stability and average responsiveness for four out of the five seed size characters studied (Thirugnana Kumar, 1991). This genotype may be utilized as a parent in a cross breeding programme for improving the stability of seed size in sesame.

Table 3. Analysis of variance for phenotypic stability of seed size characters in sesame (three seasons) 

Characters
Mean squares


Genotypes
Seasons
Genotypes x  seasons
Pooled deviation
Pooled error
Non linear : linear ratio

Seed length 
0.0445
0.3754
0.0298
0.0217
0.0030
1:1.37

Seed breadth 
0.0099
1.0317
0.0202
0.0146
0.0033
1:1.38

1000-seed weight 
0.2325
29.7199**
0.5112
0.0922
0.0278
1:5.54

1000-seed volume 
6.5902**
194.4338**
3.1874**
0.0791
0.0450
1:40.30

Seed density 
0.0296
1.1234
0.0228
0.0154
0.0015
1:1.48

Significance of genotypes and genotypes x season interaction is  against pooled deviation 

Significance of pooled deviation is against pooled error

Crosses showing the highest positive standard heterosis for seed density in comparison to the standard parent (CO.1) and their performance in terms of heterosis, heterobeltiosis sca effects and gca effects of parents are presented in Table 4. The crosses C.16 x TMV.3; S.00027 x TMV.3 and S.00028 x TMV.6 gave the best hybrids, exhibiting a very high mean and standard heterosis, as well as highly significant sca effects, capable of giving maximum transgressive effects. The first two crosses involved highly significant x highly significant general combiners. The crosses S.0218 x TMV.3 and S.00033 x TMV.6 also exhibited considerable standard heterosis. These crosses can also be utilized for the exploitation of heterotic vigour and for developing large seeded lines. The cross S.0218 x TMV.3 involved highly significant x highly significant general combiners, whereas in the cross S.00033 x TMV.6, only the male parent exhibited significant general combining ability. Standard heterosis for seed density in the aforementioned crosses was accompanied by standard heterosis for seed breadth, 1000-seed weight and 1000-seed volume or at least one of these traits. These high heterotic crosses involving highly significant x highly significant combiners exhibited a considerable additive genetic variance that can be exploited for developing large-seeded pure lines through progeny selection. In general, the cross combinations involving parents with large and small seeds showed a high mean seed density and standard heterosis. The genotype Si.1075, which was identified as an stable parent, was also found to be a good general combiner for seed density.

Table 4. Best economic heterotic crosses (standard heterosis) for seed density and their performance for related parameters in sesame

Seasons
Best crosses
Mean seed density (g/ml)
Heterosis
sca effects
gca effects
Significant heterosis for other traits




MP
BP
SP

P1
P2


S1
C.16 x TMV.3
1.18
110.26**
76.69**
58.78**
0.22**
0.31**
0.05**
SB, TW TV


S.0218 x TMV.3
1.09
87.07**
63.16**
46.62**
0.36**
0.08**
0.05**
SB, TW, TV


S. 00033 x TMV.6 
1.05
81.03**
39.07**
41.89**
0.43**
0.00
0.02*
SB

S2
S. 00027 x TMV.3
1.13
41.25**
38.65**
31.39**
0.27**
0.09*
0.06**
-


S.00028 x TMV.6
1.12
55.94**
28.16**
19.19**
0.27**
0.26**
-0.01
-


S. 00-28 x TMV.3
1.03
52.42**
30.57**
30.62**
-0.01
0.26**
0.06**
-

Pooled analysis
S. 00028 x TMV.6
1.05
-45.45**
-46.18**
15.31**
0.21**
0.17**
0.00
SB


Si.1075 x TMV.3
0.92
37.47**
17.73**
14.99**
0.16**
0.05**
0.06**
SB, TW


C.16 x TMV.3
0.92
22.27**
08.95

0.03
0.18**
0.06**
SB, TW TS

S1
C0.1 (standard parent)
0.74
-
-
-
-
-
-


S2
C0.1 (Standard parent)
0.86
-
-
-
-
-
-


P
C0.1 (Standard parent) 
0.80
-
-
-
-
-
-


[SB = seed breadth;  TW = Thousand-seed weight; TV = Thousand seed volume]

[MP = mid-parent; BP = better parent; SP = standard parent.]
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VARIABILITY AND GENETIC DIVERGENCE STUDIES IN SESAME ( Sesamum indicum L.)
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ABSTRACT

Fifty-two sesame accessions were evaluated for their variability and genetic divergence. A great variability for all the characters except days to flowering and maturity was observed. The heritability estimates were higher for seed yield per plant, capsules per plant, capsules-bearing plant height, plant height, branches per plant and 1000-seed weight. Seed yield had significant positive correlation with plant height, capsules-bearing plant height, capsules per plant and 1000-seed weight. The D2 values were significant among the 52 genotypes, which were grouped into 9 clusters. Grouping of genotypes in different clusters was not related to their geographic origin. Capsules per plant,  seed yield per plant, , capsules bearing plant height and branches per plant contributed maximum to total genetic divergence. Based on mean performance and clustering pattern, hybridization involving ES-46-1-84, ES-81-1-84, EC-234278 and EC-362397 could be exploited for developing higher yielding varieties.

INTRODUCTION
A quantitative estimation of the genetic diversity present among different genotypes helps the breeder to attempt crosses between desirable diverse genotypes for generating a sufficient genetic variability. Multivariate analysis has been found to be a potent biometrical tool in quantifying the degree of divergence in the germplasm. Therefore, the nature and magnitude of genetic divergence and the characters contributing to genetic diversity were studied among 52 accessions of sesame using the D2 statistic.

MATERIALS AND METHODS

Fifty-two accessions of sesame including two indigenous released varieties (RT-46 and TC-25), representing several countries, viz. Japan, Australia, Philippines, Mexico, Sudan, Egypt, Morocco and India were evaluated in randomized block design with three replications at the Agriculture Research Station, Mandor during Kharif 1998. Each accession was sown in a single row of 2 meter in length spaced at 30 cm. The plant to plant distance was 10 cm. Five plants were selected at random from each plot for recording observations on eight characters. The genetic divergence was estimated using the Mahalanobis D2 statistic and the populations were grouped into clusters by following the Tocher’s method described by Rao (1952). The coefficient of variation was estimated as per Burton (1952). Heritability in broad sense and genetic advance were calculated as per Johnson et al. (1955).

RESULTS AND DISCUSSION

The analysis of variance showed highly significant differences between accessions for all the characters. The means, phenotypic and genotypic coefficients of variation and heritability estimates are presented in Table 1. The highest genotypic coefficient of variation (GCV) corresponded to seed yield/plant, whereas the lowest one was for days to maturity. The heritability estimates were high for all the characters except for days to flowering and maturity. The differences between the phenotypic and genotypic coefficients of variation were low, indicating the little environmental effect on these characters.

Table 1. Mean, genotipyc and phenotypic coefficients of variation and heritability for eight characters in sesame

Characters
Mean( S.E.
GCV
PCV
Heritability
C.V.

Seed yield/ plant (g)
2.7( 0.22
76.5
77.4
97.7
11.67

Days to flowering
39.5(1.08
5.4
6.7
65.6
3.9

Days to maturity
83.3(1.26
2.6
3.4
58.7
2.17

Plant height (cm)
105.1(3.55
20.6
21.1
94.8
4.8

Branches /plant
3.8(0.31
27.3
29.8
84.0
11.9

Capsules bearing plant height (cm)
55.1(2.08
27.8
28.3
96.3
5.3

Capsules / plant
42.1(1.56
38.0
38.4
98.1
5.29

1000-seed weight (g)
1.88(0.14
23.2
25.5
82.9
10.54

The genotypic correlations were higher than the phenotypic correlations (Table 2). Seed yield per plant had significant positive genotypic and phenotypic correlations with plant height, capsules-bearing plant height, capsules per plant and 1000-seed weight. Biswas and Akbar (1995) reported that seed yield was significantly and positively correlated with days to maturity, plant height, number of branches per plant, capsules per plant and 1000 seed-weight. Days to flowering also had positive significant correlation with days to maturity, whereas plant height had significant positive correlation with capsules-bearing plant height and capsules per plant.

Table 2. Coefficient correlation coefficients (r) between different characters in sesame.

Character
Seed yield / plant
Days to flowering
Days to maturity
Plant height
Branches / plant
Capsules-bearing plant height
Capsules / plant
1000-seed weight

Seed yield/ plant

-0.4704**
-0.3472*
0.5703**
0.1261
0.6978**
0.6839**
0.4593**

Days to flowering
-0.5756**

0.3198
-0.2239
0.1016
-0.3786**
-0.3691**
-0.3963**

Days to maturity
-0.4579**
0.3329*

-0.1564
-0.0414
-0.1850
-0.1077
-0.2506

Plant height
0.5703**
-0.3111*
-0.1849

0.0621
0.8688**
0.6410**
0.3406*

Branches /plant
0.1364
0.1618
-0.0611
0.1172

-0.0547
0.2662
-0.3790**

Capsules-bearing plant height
0.718**
-0.4799**
-0.2328
0.8864**
-0.0334

0.7123**
0.4773**

Capsules / plant
0.6945**
-0.4589**
-0.1491
0.6644**
0.2960*
0.7353**

0.1982

1000-seed weight
0.5055
-0.5196**
-0.2220
0.3984**
0.2265
0.5270**
0.2265


*and** significant at 5% and 1% level of significance, respectively.

Note: The values above and below the diagonal are phenotypic and genotypic correlations, respectively.

The distribution of different accessions  of sesame in nine clusters is given in Table 3. The maximum number of accessions (22) were included in cluster I followed by 17 in cluster II, 2 in cluster IV and  1 in clusters III and V to IX. Interestingly, the accessions from Japan were grouped in I, II, IV, VIII and IX, with a maximum genetic diversity. The clustering pattern of the accessions suggested that genetic diversity may not be necessarily related with geographic diversity. Therefore selection of genotypes for hybridization should be based on genetic diversity rather than geographic diversity (Swain and Dikshit, 1997).

Table 3. Distribution of sesame genotypes into different clusters

Cluster
Number of genotypes
Genotypes
Origin

I
27
EC-208556, EC-2415-86-419, EC-242714, EC-362364, EC-362377
Australia



ES-187
Africa



EC-377026
Egypt



TC-25
India



ES-9-1-84, ES-313, ES-316, EC-350635, EC-362431, EC-362447, EC-377195
Japan



ES-129-2-84, ES-132, ES-136(B), ES-139-1-84, ES-142, ES-142-2-84, ES-274
Mexico



EC-351822
Phillipines



ES-58, ES-62, ES-71(B), ES-81
Sudan






II
17
EC-362359, EC-362360
Australia



RT-46
India



ES-131-1-84,  ES-140, EC-342781, EC-342784
Japan



ES-131-1-84, ES-133(A), ES-139-2-84, ES-140, ES-142-1-84, ES-350
Mexico



ES-146-1-84
Morocco



ES-55-3-84, ES-79, ES-81-1-84
Sudan






III
1
ES-137
Mexico






IV
2
EC-234278
Japan



ES-81-1-84
Sudan






V
1
EC-377136
Egypt






VI
1
ES-52-1-84
Sudan






VII
1
ES-357
Mexico






VIII
1
EC-362397
Japan






IX
1
ES-46-1-84
Japan






The maximum intercluster (D) value (47.7) was observed between clusters V and IX, with one genotype each, suggesting a wide diversity between them (Table 2). The minimum intercluster distance (D) (12.7) was found between cluster VI and VIII, indicating that the genotypes of these two clusters had genetic resemblance.

The characters contributing most to the divergence should be given greater emphasis when identifying clusters selection or choice of parents for hybridization. The highest contributors in this regard were capsules per plant, seed yield, capsules bearing plant height and branches per plant. Manivannan and Nadarajan (1996) also reported that plant height was the major contributor to the genetic divergence, followed by number of branches per plant, seed yield and capsules per plant. On considering cluster means in respect of these 4 characters, the importance of cluster IX (ES-46-1-84) and cluster IV (ES-81-1-84 and EC-234378) becomes obvious. Seed yield per plant was also higher in cluster VIII (EC-362397) with early flowering as well as early maturity.

Hybridization between accessions falling in the most distant clusters (EC-377136 and ES-46-1-84) may result in maximum heterosis and is likely to produce new recombinants with desired traits. Also based on mean performance and clustering pattern, hybridization involving ES-46-1-84, ES-81-1-84, EC-234378 and EC-362397 may result in desirable combinations leading to the development of useful genetic stocks and varieties.

Table 4: Intracluster (in bold) and intercluster distance for eight characters in sesame.

Cluster
I
II
III
IV
V
VI
VII
VIII
IX

I
11.1
17.4
15.2
29.3
16.2
24.0
14.7
24.9
37.1

II

11.1
13.9
18.3
27.5
14.9
22.4
18.4
25.8

III


0.00
21.1
26.8
20.2
23.6
23.4
31.4

IV



5.95
40.7
17.9
35.5
17.6
15.4

V




0.00
34.1
13.0
33.4
47.7

VI





0.00
26.0
12.7
17.1

VII






0.00
26.0
40.0

VIII







0.00
16.4

IX








0.00

Table 5: Character means in different clusters of sesame genotypes.

Cluster
Seed yield /plant
Days to flowering
Days to maturity
Plant height
Branches / plant
Capsules bearing plant height
Capsules /plant
1000-seed weight

I
1.45
40.6
83.1
95.5
3.8
46.7
31.8
1.74

II
3.58
38.5
84.0
114.6
3.4
63.6
54.5
2.08

III
1.18
40.0
85.0
134.8
5.2
62.2
43.6
1.59

IV
6.18
38.0
83.0
133.3
5.9
78.3
74.4
1.42

V
0.72
39.0
85.0
51.8
3.0
27.4
15.8
1.22

VI
6.48
37.0
85.0
139.2
2.2
83.4
50.8
2.85

VII
3.30
41.0
85.0
77.6
2.8
28.8
23.4
2.37

VIII
8.12
37.0
75.0
123.8
3.8
71.6
48.6
2.04

IX
10.06
37.0
78.5
145.2
4.7
95.0
72.0
2.85
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ISOZYME RESEMBLANCE AMONG FORTY SESAME ACCESSIONS
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ABSTRACT

The isoenzymatic resemblance among 40 sesame accessions of wide geographical origin was studied. Sixty percent of the collection was distributed in a large phenetic group and the remaining 40 percent in two small groups and four unique-genotype materials. The collection presented an average Jaccard distance of 0.18, which indicates that an entry differs from one another in 1 out of 5.5 compared alleles. Some divergent accessions could be a source of genetic variability for breeding programs.

INTRODUCTION

The genetic relationship study of a group of entries facilitates the selection of genotypes in a breeding program. In such a sense, the isozyme information has been an useful complementary tool of the morpho-agronomic data. The objective of the present work was to estimate the genetic resemblance among 40 sesame accessions by means of isozymes. 

MATERIALS AND METHODS

Forty accessions preserved in the Genebank of the Instituto Nacional de Investigaciones Agrícolas (INIA), Maracay, Venezuela, coming from the main sesame centres of diversity were sampled (Table 1). Five individuals were taken at random from each accession. The individual electrophoretic data were obtained from four isoenzymatic systems: isocitrate dehydrogenase (locus Idh-1), shikimate dehydrogenase (locus Sdh-1), acid phosphatase (locus Acp-1) and phosphogluconate dehydrogenase (loci Pgd-1 and Pgd-2). The electrophoretic protocol and the isozyme genetic control are described in Díaz et al. (1999) and Díaz (2000). A UPGMA dendrogram was obtained from a Jaccard distance matrix among materials based on the presence versus absence of alleles (Sneath and Sokal, 1973).

RESULTS AND DISCUSSION

The phenetic relationships of the 40 evaluated accessions are presented in Figure 1. Twenty-four isoenzymatic identical materials were included in group “A”, which represented 60% of the collection. The remaining 40% was distributed in two small groups “B” and “C”, each one composed of six entries and four unique-genotype entries. The  collection  average  distance  was  0.18, suggesting that there is a difference for 1 out of 5.5 compared alleles between two accessions. Intergroupal distances ranged between 0.18 (B vs. A) and 0.25 (B-A vs. C); since a total of 9 alleles for 5 loci were observed (Table 1), these distances imply a difference of 1.6 and 2.3 alleles, respectively. In groups A, B and C an heterogeneity of geographical origins was observed. Although accessions coming from a particular geographical centre were not restricted to any phenetic group, a predominance of African and Indian materials were noticed in group A.

Table 1. INIA passport data of evaluated sesame accessions. 

Accession
Working code1
Origin
Centre of diversity
Isoenzymatic alleles2

93-2223
I-1
India
India
a, a, b, b, a

95-465
I-2
India
India
a, a, b, b, a

95-469
I-3
India
India
a, a & b, a & b, b, a

95-447
I-4
India
India
a, a, b, b, a

89-007
I-5
India
India
a, a, b, b, a

93-2224
I-6
India
India
a, a, b, b, a

95-464
IR-1
India
India
a, b, b, b, a

92-2918
IR-2
India
India
a, a, b, b, a

92-3091
C-1
Korea
Korea
a, b, b, b, a

92-3137
C-2
Korea
Korea
a, a, b, b, a

92-3093
C-3
Korea
Korea
a, a, b, b, a

92-3136 
CR-1
Korea
Korea
a, a, b, b, a

92-2922
M-1
Turkey
Eastern Mediterranean
a, a & b, b, b, a

92-3125
M-2
Greece
Eastern Mediterranean
a, a, b, b, a

93-2002
M-3
Syria
Eastern Mediterranean
a, a, b, b, a

92-3116 
MR-1
Greece
Eastern Mediterranean
a, b, b, b, a

93-2022
MR-2
Syria
Eastern Mediterranean
a, b, b, b, a

93-2113
A-1
Sudan
Africa
a, a, b, b, a

92-310
A-2
Sudan
Africa
a, a, b, b, a

93-2010
A-3
Ethiopia
Africa
a, b, b, a & c, a

95-272
A-4
--
Africa
a, a, b, b, a

92-2872
AR-1
Sudan
Africa
a, a, b, b, a

93-2105
AR-2
Sudan
Africa
a,, a, b, b, a

92-2875
AR-3
Sudan
Africa
a, a & b, b, b, a

93-2008 
AR-4
Ethiopia
Africa
a, b, b, c, a

95-234
AR-5
--
Africa
a, a, b, b, a

95-223 
AR-6
--
Africa
a, a, b, b, a

92-2856
J-1
Japan
China-Japan
a, a, b, b, a

92-3030
J-2
Japan
China-Japan
a, a, b, b, a

92-3031
JR-1
Japan
China-Japan
a, b, b, b, a

92-3108
Ch-1
China
China-Japan
a, b, b, b, a

92-3109
Ch-2
China
China-Japan
a, a & b, b, a, a

95-383
Ch-3
China
China-Japan
a, a & b, b, b, a

92-3138
ChR-1
China
China-Japan
a, a & b, b, b, a

92-2930
T-1
Fadjikistan
Central Asia
a, a, b, b, a

92-2947
T-2
Uzbekistan
Central Asia
a, a, b, b, a

92-2952
T-3
Turkmenistan
Central Asia
a, a, b, b, a

92-2955
T-4
Turkmenistan
Central Asia
a, a & b, b, b, a

92-2950
TR-1
Fadjikistan
Central Asia
a, a, b, b, a

92-2917
TR-2
Fadjikistan
Central Asia
a, a & b, b, b, a

(1) Code applied to this study only.

(2) For loci Acp-1, Idh-1, Sdh-1, Pgd-1 y Pgd-2, respectively.
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The rare alleles in the collection were contributed by four accessions: I-3 with Sdh-1-a, A-3 with Pgd-1-(a and c), AR-4 with Pgd-1-c and Ch-2 with Pgd-1-a (Table 1). The average distance between A-3, AR-4, Ch-2 and the 37 remaining accessions was 2.7 times larger (0.49 vs. 0.18) than the collection average distance and twice larger than the intergroupal distance (0.49 vs. 0.25), suggesting that these materials could probably be a source of genetic variability for a sesame breeding program.
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ABSTRACT

The study of gene action for yield and nine yield components in 6 x 6 half-diallel progenies (F1) indicated preponderance of non-additive genetic variance for all the characters, except for days to maturity. Eight traits exhibited overdominance recessive alleles were predominant for branches/plant and capsules/plant. The distribution of genes with positive and negative effects were symmetrical to nearly symmetrical for 1000-seed weight, days to maturity, branches/plant, capsules on main stem, capsules/plant and seed yield. Parents possessed mostly negative genes in dominant form for capsules on main stem, capsules/plant, capsule length and 1000-seed weight and the opposite was observed for the rest of the characters. Biparental mating or diallel selective mating and heterosis breeding has been suggested.

Key words: Sesame, gene action, seed yield, yield components

INTRODUCTION

Knowledge regarding the nature and magnitude of gene action governing the inheritance of yield and yield components is essential for formulating efficient breeding strategies for the improvement of a crop. The present study was undertaken to estimate the nature of gene action for different quantitative characters through genetic component analysis in F1s of a 6x6 half-diallel cross of sesame.

MATERIALS AND METHODS

All possible single crosses excluding reciprocals were made using six diverse genotypes of sesame (Guj. Til 2, Sell 33, Guj. Til 1, OUT 32, TO 25 and Usha). The six parents and 15 F1s were grown in a randomized block design, with three replications in three-row plots of 3 m row length and a spacing of 45 cm x 10 cm, at the Central Research Station, O.U.A.T., Bhubaneswar, during summer season of 1999. Observations were recorded on 10 random competitive plants for 10 quantitative traits (Table 1). Genetic analysis of the data was done as per Hayman (1954).

RESULTS AND DISCUSSION

The analysis of variance revealed highly significant differences among the 21 genotypes (15 F1s + six parents) for all the ten characters, indicating considerable genetic diversity among the parents and crosses.

The estimates of the components of genetic variance (Table 1) revealed that the additive component (D) was significant for days to maturity, plant height, capsules/plant, seeds/capsule and 1000-seed weight. The dominance genetic variances (H1 and H2) were significant for all the characters, except  for days to maturity. This indicated the importance of both additive and non-additive genetic variances in the expression of these characters. However, non-additive component of genetic variance was predominant in all the characters, except days to maturity.

Table 1. Estimates of components of genetic variance and related parameters in F1 for seed yield and yield contributing characters in sesame

Component
Days to 50% flowering
Days to maturity
Plant height
Branches/plant
Capsules on main stem
Capsules/ plant
Capsule length
Seeds/ capsule
1000-seed weight
Seed yield/ plant

D
0.86
10.71**
260.34**
0.13
7.42
64.43
1.88*
29.26**
0.12**
0.28

H1
7.51**
8.60
329.55**
8.78**
330.54*
14743.52**
7.90**
60.66**
0.18**
110.11*

H2
6.57**
7.82
294.47**
8.36**
301.03*
13969.41**
5.58**
39.01**
0.18**
100.01

F
0.46
2.64
71.94**
-0.49
3.73
-335.92
2.66
32.08**
0.02
0.39

H2
4.12**
4.38
140.72**
4.83**
353.93**
11580.66**
0.77
-0.25
0.00
85.58**

E
0.46
1.76*
13.07**
0.06
3.89
37.13
0.31
1.45
0.01*
0.24

√H1 / D 
2.95
0.90
1.13
8.34
6.67
15.13
2.05
1.44
1.23
19.90

uv 
0.22
0.23
0.22
0.24
0.23
0.24
0.18
0.16
0.25
0.23

KD/KR
1.20
1.32
1.28
0.62
1.08
0.71
2.05
2.23
1.14
1.07

K
0.63
0.56
0.48
0.58
1.18
0.83
0.14
-0.01
-0.01
0.86

r(Yr, Wr+Vr)
-0.16
-0.62
-0.41
-0.36
0.05
0.27
0.46
-0.25
0.53
-0.29

*, ** Significant at 5% and 1% levels, respectively

The F component was significant and positive for plant height and seeds/capsule, indicating presence of an excess of dominant alleles. Recessive alleles were of greater frequency for capsules/plant. For the remaining characters, there might be a symmetrical distribution of dominant and recessive alleles.

Significant and positive h2 estimates for days to flowering, plant height, branches/plant, capsules on main stem, capsules/plant and seed yield indicated that the mean direction of dominance was positive for these traits. Non-significant values of h2 for the remaining characters did not indicate any direction of dominance.

The average degree of dominance (√H1 / D) indicated over-dominance for eight traits (days to 50% flowering, branches/plant, capsules on main stem, capsules/plant, capsule length, seeds/capsule, 1000-seed weight and seed yield/plant). The values indicated partial to nearly complete dominance for days to maturity and slightly over‑dominance to complete dominance for plant height. The over dominance observed in most of the traits might not be an index of real over dominance, because the degree of dominance might be biased due to linkage, epistasis or both (Comstock and Robinson, 1952).

The estimate of ū v (H2/4H1) indicated a symmetrical distribution of genes with positive and negative effects for 1000-seed weight. The distribution seemed to be nearly symmetrical for days to maturity, branches/plant, capsules on main stem, capsules/plant and seed yield.

The proportion of KD/KR was greater than the unity for all the traits, except for branches/plant and capsules/plant, indicating preponderance of dominant genes in the parents. For branches/plant and capsules/plant, an excess of recessive genes was evident.

The value of K (h2/H2) was greater than the unity only for capsules on main stem, suggesting that one group of genes exhibiting dominance governed that character. For the remaining characters, K value was lower than one. Thus the values of K did not provide any valid interpretation for all the traits about the groups of genes exhibiting dominance. The ratio could be underestimated when the dominance effects of all the genes concerned are not equal in size and distribution, when the distribution of genes is correlated (Jinks, 1954), or when complementary gene interactions occur (Liang et al., 1968; Mather and Jinks, 1971).

The correlation between parental performance (Yr) and parental order of dominance (Wr+Vr) was positive for capsules on main stem, capsules/plant, capsule length and 1000-seed weight, indicating that parents possess mostly negative genes in dominant form for these traits. For the remaining traits, positive genes were mostly dominant.

The study indicated that both additive and non-additive components of genetic variances were involved with predominance of dominance variances for all the traits, except for days to maturity. Pedigree selection is an appropriate method to improve days to maturity, as additive variance is predominant for this trait. As selection based on progeny performance exploits only additive component of genetic variances, bi-parental mating or diallel selective mating, which allows intermating among the selected segregants in the different cycles, would be useful to recover superior homozygotes in later generations. Besides, the greater contribution of dominance and over dominance indicated the scope of heterosis breeding in sesame which exploits non-additive gene action.
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Abstract 

A study was conducted to investigate the effect of 2,4-D (10, 20 and 40 ppm) and ethrel (100, 200 and 400 ppm) on pollen sterility in sesame plants (cv. VRI 1). The results revealed that spraying 40 ppm 2,4-D or 400 ppm ethrel induced maximum pollen sterility, which was determined by stainability with 1% acetocarmine. Hence, it can be recommended that 2,4-D at 40 ppm or ethrel at 400 ppm can be used as a gametocide for inducing male sterility in sesame. 

Key words: Sesame,  2,4-D, ethrel, pollen sterility

Introduction 

Hybrid varieties are not commercially feasible without some forms of male sterility or incompatibility in both cross and self pollinated crops (Briggs and Knowles, 1967). Male sterility can be induced by some chemical treatments. Rehm (1952) reported that male sterility  was induced in tomato as a result of spraying plants a week before the first flower opened with 10, 20 or 50 ppm 2,4-D. High levels of pollen sterility were also found in lettuce plants when immature flower buds were sprayed with ethrel (Han and Lee, 1972). The objective of this experiment was to study the gametocidal  effect of 2,4-D and ethrel in  inducing male sterility in sesame.

MATERIALS AND METHODS 

The investigation was carried out at the Plant Breeding Farm, Annamalai University. Plants of sesame (cv. VRI 1) were grown in the field  in a randomized block design. Cultural practices were carried out as commonly followed in the farm. A week before flowering, plants were sprayed with an aqueous solution of sodium salt of 2,4–dichlorophenoxy acetic acid (2,4-D) or 2-chloro ethyl phosphonic acid (Ethrel) in the following concentrations. 

1. Distilled water to act as control 

2. Ethrel at the concentrations of 100, 200 and 400 ppm 

3. 2,4-D at the concentrations of 10, 20 and 40 ppm

Two weeks after spraying, 10 uniform plants were chosen. Ten flowers were collected from the chosen plants at 6 a.m. Anthers from the samples were smeared, stained with 1% acetocarmine and the pollen stainability was recorded in three microscopic fields at a magnification of 45X. The fully stained and well filled pollen grains were counted as fertile and the unstained shrivelled pollen grains were counted as sterile. The fertility was expressed in percentage to the total number of pollen grains counted.

To study the effect of chemicals on female fertility and hybrid seed set, five additional plants from each plot were hand emasculated. The plants were let in open pollination. At maturity, ten capsules from the selected plants were extracted and the average seed number per capsule was  recorded. 

Results and discussion

The results of pollen viability and number of seeds per capsule are given in Table 1. High levels of pollen viability were noticed in the untreated (control) plants (Fig.1), whereas the plants treated with various concentrations of 2, 4–D and ethrel showed different levels of pollen sterility. Among the treatments, the highest percentage of pollen sterility was observed in plants treated with 40 ppm 2,4-D  and 400 ppm ethrel (Fig. 2). Similar results have been obtained by Han and Lee (1972) on lettuce, Diki and Anikeenko (1975) and Helal and El-Saied Zaki (1981) on egg plant.

Using 10-20 ppm of 2,4-D or 100-200 ppm of ethrel increased the average seed number per capsule when compared to the control (hand emasculated). Plants sprayed with 40 ppm 2,4-D or 400 ppm ethrel showed a reduction in seed set when compared to the control which may be due to the damaging effect of the chemicals on ovaries. These results are in accordance with the results of Jyotishi and Chandra (1969) and Helal and El-Saied Zaki (1981) on egg plant, Mokhov and Kononkov (1970) on carrot and Eenink (1977) on lettuce.

From the above discussions, it is clear that using 2,4-D at 40 ppm or ethrel at 400 ppm induced maximum pollen sterility. Therefore it may be concluded that it is feasible to spray sesame plants a week before flowering with a selective gametocide for inducing male sterility. 

Table 1. Effect of 2,4-D and ethrel on pollen viability and number of seeds per capsule in sesame. 

Treatments
Pollen fertility

Number of seeds per capsule


Mean (%)
Percent over control

Mean (%)
Percent over control

Control (water spray) 
95.20
100.00

48.22
100.00

2, 4-D 10 ppm 
75.73
79.55

52.79
109.48

2, 4-D 20 ppm 
56.91
59.78

49.99
103.67

2, 4-D 40 ppm 
4.75
4.99

47.46
98.42

Ethrel 100 ppm
75.00
78.78

52.99
109.78

Ethrel 200 ppm 
53.98
56.70

48.85
101.31

Ethrel 400 ppm 
2.24
2.35

46.62
96.68

S.E

CD (0.05)



0.67

2.69
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Figure 1. Viable pollen grains from control plants of sesame
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Figure 2. Sterile (non-viable) pollen grains from 400 ppm Etherl sprayed plants
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ABSTRACT

A field experiment was conducted during 1999-2000 at Annamalai University, Annamalai Nagar to find out the effect of flyash on the growth, yield and nutrient uptake of sesame Cv. VRI-1. Flyash at 10, 20 and 30 t ha-1 was applied along with well decomposed farm yard manure (FYM) at 12.5 t ha-1 and recommended fertilizer schedule of 35:23:23 kg N, P2O5 and K2O per hectare. The results of the study revealed that the growth characters, plant height and number of branches, as well as the yield parameters, number of capsules plant-1, number of seeds capsules-1 and 1000 seed weight, grain yield, and N P K uptake were maximum when flyash was applied at 30 t ha-1 . Similar results were obtained with the application of flyash at 20 t ha-1. 

Key words: Flyash, farm yard manure, sesame, growth, yield, nutrient uptake

INTRODUCTION

Flyash is a waste product in thermal power stations where coal or lignite are used to generate electricity. The accumulation of flyash will go on increasing and it is occupying several lakhs of hectares of useful land causing air, groundwater and soil pollution. A country like India with agriculture as its mainstay cannot obviously afford to let such a vast area of land being set apart for ash dumping. It is therefore necessary to establish regular utilization of avenues of coal ash. India utilizes only 3-4 per cent of the flyash generated (Vimalkumar and Preeti Sharma, 1998) as compared with 40 per cent utilisation in France and U.K. and 100 per cent utilisation in The Netherlands. Agriculture is one of the avenues where it can be used. Presence of various elements such as P, K, Ca, Mg, S and micronutrients in the flyash make it a good source of plant nutrients.

Sesame is one of the oldest and the third most important oilseed crop in India. It is called the “Queen of oilseed crops” due to its excellent quality. It not only needs macronutrients, but also micronutrients to produce higher yields. Hence, an attempt was made to find out the effect of different levels of flyash, with and without FYM application, on growth, yield and nutrient uptake of sesame.

MATERIALS AND METHODS

The field experiment was conducted at the Faculty of Agriculture, Annamalai University, Annamalai Nagar during 1999-2000. The experiment was laid out in randomized block design with three replications using the sesame cultivar VRI-1, with the spacing of 30x30 cm. Different levels of flyash viz., 10, 20 and 30 t ha-1 were incorporated with and without FYM at 12.5 t ha-1.

The soil was sandy clay loam in texture with pH 7.08 and EC 0.34 dSm-1. The available nutrient contents were low N (237.2 kg ha-1), medium P (19.45 kg ha-1) and high K (342.51 kg ha-1). The data on growth characters viz., plant height and number of branches plant-1, yield attributes viz., number of capsules plant-1, number of seeds capsule-1 and 1000 seed weight and yield were recorded. The soil and plant samples were collected and analysed for N, P and K uptake.

RESULTS AND DISCUSSION

Growth characters

Flyash application exerted a pronounced effect on plant height and number of branches plant-1 (Table 1).

The use of flyash at 30 t ha-1 and FYM at 12.5 t ha-1 with chemical fertilizers recorded the highest plant height of 103.3 cm and branch number of 21.3 plant-1 and they were on par with the application of 20 t ha-1 of flyash, 12.5 t ha-1 FYM and chemical fertilizers. Increased availability of nutrients throughout the crop period might be the reason for higher plant height and number of branches.

Table 1. Effect of flyash on the growth and yield of sesame cv. VRI 1

Treatments
Growth characters
Yield components
Seed yield 

(kg ha-1)


Plant height (cm)
Number of branches plant-1

Number of capsules plant-1
Number of seeds capsule-1
1000 seed weight (g)


T1 – Control (NPK 35:23:23 kg ha-1)
69.16
9.71
41.13
36.83
2.64
482.37

T2 – NPK + FYM @ 12.5 t ha-1
75.80
12.64
47.88
40.53
2.82
586.41

T3 – NPK + flyash @ 10 t ha-1
73.33
11.56
46.92
38.68
2.75
551.89

T4 – NPK + flyash @ 20 t ha-1
77.98
13.42
52.65
40.18
2.82
590.31

T5 – NPK + flyash @ 30 t ha-1
82.62
14.33
54.69
40.61
2.83
620.31

T6 – NPK + flyash @ 10 t ha-1

 + FYM @ 12.5 t ha-1
90.62
17.45
62.52
42.64
2.90
702.43

T7 – NPK + flyash @ 20 t ha-1

 + FYM @ 12.5 t ha-1
97.44
19.50
69.27
44.36
2.98
776.76

T8 – NPK + flyash @ 30 t ha-1 

+ FYM @ 12.5 t ha-1
103.33
20.64
73.43
44.50
3.00
790.28

C.D. (P = 0.05)
6.52
1.84
5.73
1.82
0.06
68.42

Yield components and yield 

Flyash and FYM application had significant influence on yield components and seed yield of sesame (Table 1). The higher yield components and seed yield were recorded when flyash application at 30 t ha-1 combined with 12.5 t ha-1 of FYM and chemical fertilizers was followed. The effect of this treatment was similar to the application of 20 t ha-1 of flyash with FYM at 12.5 t ha-1 and chemical fertilizers. The increase in yield due to flyash at 10, 20 and 30 t ha-1 was 14.41, 23.38 and 28.60 per cent, respectively over control. The combined use of flyash and FYM increased the yield in 45.62, 61.63 and 63.82 per cent, respectively over the control. The increased availability of nutrients through flyash and FYM might be the reason for higher yields. The enhanced nutrient availability in the lateritic soils, which are generally characterized by multinutreint deficiencies, coarse texture and poor organic carbon (Dev and Rattan, 1998), and favourable changes in physical and microbiological properties (Singh and Tripathi, 1996) have been pointed out for the marked response in groundnut to the addition of flyash. Selvakumari et al. (1999) also reported that the additional yield obtained in groundnut could be due to additional nutrients that are more available for the crop growth in application of flyash, compost and chemical fertilizers.

Nutrient uptake

Flyash application recorded significant influence on N, P and K uptake (Table 2).

Table 2. Effect of flyash on nutrient uptake (kg ha-1)

Treatments
Nutrient uptake (kg ha-1)


N
P2O5
K2O

T1 – Control (NPK 35:23:23 kg ha-1)
30.12
6.10
19.63

T2 – NPK + FYM @ 12.5 t ha-1
36.24
8.87
22.75

T3 – NPK + flyash @ 10 t ha-1
35.19
7.52
21.45

T4 – NPK + flyash @ 20 t ha-1
38.40
8.35
23.32

T5 – NPK + flyash @ 30 t ha-1
41.56
10.11
24.69

T6 – NPK + flyash @ 10 t ha-1 + FYM @ 12.5 t ha-1
43.22
11.56
27.65

T7 – NPK + flyash @ 20 t ha-1 + FYM @ 12.5 t ha-1
52.41
13.01
30.94

T8 – NPK + flyash @ 30 t ha-1 + FYM @ 12.5 t ha-1
56.12
13.75
31.12

C.D. (P = 0.05)
4.58
1.22
2.65

The increase in N uptake was 16.83, 27.49 and 37.98 per cent over the control with flyash at 10, 20 and 30 t ha-1, respectively and 43.49, 74.00 and 86.32 per cent respectively with flyash and FYM. By providing conducive physical environment and essential nutrient elements, especially Ca, Mg, S, B and Mo, the addition of flyash might have enhanced the N fixation which in turn facilitated more N uptake by the crop.

As far as P uptake was concerned, application of flyash at 10, 20 and 30 t ha-1 recorded an increase of 23.20, 36.88 and 65.73 per cent, respectively over the control. The combined use of flyash and FYM also produced a significant increase of P uptake over the control. Kaushal et al. (1998) also reported increased P uptake when silicate material (Poha industry waste ash) was added to soybean crop with recommended dose of NPK fertilizer.

Maximum K uptake of 31.12 kg ha-1 was recorded in the treatment where flyash at 30 t ha-1 and FYM at 12.5 t ha-1 were used. The increase in K uptake might be due to the presence of K in flyash.

It could be concluded that the combined use of flyash, FYM and fertilizer NPK increased the availability of nutrients which in turn increased the growth and yield of sesame.
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USE OF BIOFERTILIZER, PHYTOHORMONE AND ZINC AS A COST EFFECTIVE AGROTECHNIQUE FOR INCREASING SESAME PRODUCTIVITY
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ABSTRACT

A field experiment was carried out during March-May 2000 at Annamali University Experimental Farm, Annamalai Nagar, Tamil Nadu to find out the effect of biofertilizer, phytohormone and zinc for maximising the productivity of sesame. There were altogether thirteen treatments consisting of individual and combined application of Azospirillum seed inoculation, soil application of ZnSO4 at 5 kg ha–1, foliar application of ZnSO4 at 0.5%, and foliar application of planofix at 30 ppm. Foliar treatments were applied twice, at 40 and 55 DAS. The results of the study showed that the combined use of Azospirillum seed inoculation, soil application of ZnSO4 at 5 kg ha-1 and foliar application of both ZnSO4 at 5% and planofix at 30 ppm twice at 40 and 55 DAS significantly influences the yield attributes viz., number of capsules per plant, number of seeds per capsule and 1000-seed weight, as well as seed yield, net return per ha and return per rupee invested.

INTRODUCTION

Sesame (Sesamum indicum L.) is one of the important oilseed crops of India. It is grown over an area of 2.3 million hectares in different states of India with a total production of 0.6 million tonnes. In Tamil Nadu it occupies an area of 0.14 million hectares with a production of 0.044 million tonnes, having an average productivity of 264  kg ha-1 which is lower than the world’s average productivity of 343 kg ha-1. There are various constraints in sesame cultivation viz., an excessive cultivation on marginal and sub marginal lands without proper fertilizer application, physiological problems such as large scale shedding of flowers, hormonal imbalance and endogenous levels of growth regulators leading to ultimate reduction in translocation of photosynthate to the to the sink (Saha and Bhargava, 1982). Addittionally, the use of fertilizers free from micronutrients, coupled with intensive cropping programmes, has resulted in widespread of micronutrient deficiency. Among the micronutrients, deficiency of zinc is the most extended. Insufficient use of organic manures has also aggravated the deficiency of zinc (Randhawa and Katyal, 1982). In general, growth and development of sesame is controlled by two main internal factors namely nutritional and hormonal factors. Nutritional factors provide the raw materials which are essential for plant growth and development. Phytohormones are known to modify the crop growth and development patterns by exerting profound effects on many physiological processes, increasing the utilization of solar radiation, and to alter assimilate distribution in favour of fruit set and seed development, thereby increasing the productivity of crops (Prakash, 1998). Azospirillum, an important biofertilizer presently used as a supplementary source of nitrogen, fixes abundant quantity of nitrogen in soil. In addition, Azospirillum produces auxins, gibberellins and cytokinins, which enhance the crop growth leading to better yields. The present experiment was carried out to investigate the effects or biofertilizer, phytohormones and zinc on the productivity of sesame.

MATERIALS AND METHODS

A field experiment was conducted during March-May, 2000 at Annamalai University experimental farm, Annamalai Nagar, Tamil Nadu, with the sesame cv. TMV3. The soil of the experimental field was sandy clay loam in texture, having a pH of 7.08, organic carbon 0.72% and EC of 0.34 dsm -1.The available N, P2O5 and K2O of the soil were 237.2, 19.45 and 342.51 kg ha-1, respectively. There were altogether thirteen treatments consisting of individual and combined applications of 1) Azospirillum seed inoculation, 2) soil application of ZnSO4 at 5 kg ha-1, 3) foliar application of ZnSO4 at 0.5% twice at 40 and 55 DAS, and 4) foliar application of planofix at 30 ppm twice at 40 and 55 DAS. The experiment was laid out in randomised block design with three replications. Sesame cv. TMV3 was sown adopting a seed rate of 5 kg ha-1 and a spacing of 30 x 30 cm. A fertilizer dosis of 35:23:23 kg N, P2O5 and K2O ha-1, respectively was applied to all plots. Half the dose of N was applied as basal and the remaining half at 30 DAS. Need-based crop protection measures were taken. The yield attributes, yield and economic parameters were studied.

RESULT AND DISCUSSION

Yield components

The data on the yield components viz. , number of capsules per plant, number of seeds per capsule and 1000-seed weight of TMV3 are presented in Table 1.Yield components were significantly influenced by individual and combined application of biofertilizer, phytohormone and zinc.

Table 1. Effect of biofertilizer, phytohormone and zinc on the yield components of sesame

Treatments
Number of capsules/plant
Number of seeds/capsule
1000-seed weight (g)

T1 _ Control
38.57
36.24
2.54

T2 _ Soil application of ZnSO4 @ 5 kg ha-1
46.22
38.26
2.63

T3 _ Foliar application of ZnSO4 @ 0.5% at 40 and 55 DAS
53.65
40.32
2.72

T4 _ Foliar application of planofix @ 30 ppm at 40 and 55 DAS
61.36
42.53
2.80

T5 _ Seed inoculation with Azospirillum
45.98
38.19
2.62

T6 _ ZnSO4 @ 5 kg ha-1 (soil) + ZnSO4 @ 0.5% (foliar)
76.93
47.08
3.03

T7 _ ZnSO4 @ 5 kg ha-1 (soil) + planofix @ 30 ppm (foliar)
69.50
45.10
2.93

T8 _ ZnSO4 @ 5 kg ha-1 (soil) + Azospirillum (seed)
68.76
44.84
2.90

T9 _ ZnSO4 @ 5% (foliar) + planofix @ 30 ppm (foliar)
77.13
47.14
3.08

T10 _ ZnSO4 @ 5% (foliar) + Azospirillum (seed)
69.03
44.92
2.92

T11 _ZnSO4 @ 5 kg ha-1 (soil)+ ZnSO4 @ 0.5% (foliar)+ planofix @ 30 ppm (foliar) 
92.43
51.21
3.24

T12 _ ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar) + Azospirillum (seed)
84.58
49.15
3.16

T13 _ ZnSO4 @ 5 kg ha-1 + ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar) + Azospirillum (seed)
99.84
53.61
3.35

SED
3.51
0.92
0.03

CD (P=0.05)
7.24
1.90
0.06

Number of Capsules per Plant

The number of capsules per plant is the major yield component in sesame. Higher numbers of capsules per plant (99.84) were observed under the treatment T13 (combined application of the four individual treatments) followed by T11. The lowest capsule number of 38.57 plant-1 was recorded in control (T1). The highest capsule number recorded under combined use of biofertilizer, phytohormone and zinc might be due to increased flower production and prevention of flower drop. Increased capsule number per plant with planofix was probably due to reduced ethylene concentration, which is the major abscission promoting chemical. The present findings are in agreement with the reports of Prakash (1998) and Sontakey et al. (1999).

Number of Seeds per Capsule

The combined application of the four treatments (T13) resulted in the highest number of seed per capsule (53.61). Better nutritional environment offered through cumulative and synergistic effect of biofertilizer, phytohormone and zinc might have favoured better translocation of photosynthates and resulted in higher number of seeds per capsule. The results of the present investigation were in conformity with the findings of Jagannatham et al. (1990) and Lallu and Shankar (1995).

1000-Seed Weight

Combined use of biofertilizer, phytohormone and zinc (T13) recorded significantly the highest 1000-seed weight of 3.35 g. The lowest 1000-seed weight of 2.54 g. was recorded by control (T1). The increase in seed weight might be due to better supply of assimilates to the capsules resulting in an improved seed filling and seed size. Similar findings of higher seed weight with zinc, phytohormone and biofertilizer were reported by Kalia and Sharma (1988) and Shinde and Jadhav (1994).

Yield

The seed yield, stover yield and harvest index were significantly influenced by individual and combined applications of biofertilizer, phytohormone and zinc (Table 2). The combined use of the four treatments (T13) registered the highest seed yield of 1162.66 kg ha-1, stover yield of 3349.89 kg ha-1 and a harvest index of 25.76. The control treatment (T1) registered the lowest yield. Seed inoculation of Azospirillum, soil and foliar application of ZnSO4 and foliar application of planofix might have increased the intake of various macro and micronutrients and altered the nutrient imbalance in the plant body and this might be the reason for the increased growth, yield attributes and yield of sesame. The results are in agreement with the earlier findings of Garai et al. (1990), Murthy et al. (1999) and Parkash et al. (1999).

Economic parameters

The cost of cultivation, gross return, net return and return per rupee invested were computed for all the treatments on per hectare basis and the data are presented in Table 3. 

The treatment T13 registered the highest net return of Rs. 14912.49 ha-1 and the highest return per rupee invested of Rs. 3.26. The highest return per rupee invested in the above treatment was due to the highest sesame yield obtained as a consequence of the synergistic and cumulative effect of the cost-effective inputs used in the present study.

It can be concluded that the integrated use of biofertilizer, phytohormone and zinc is an agronomically efficient and economically viable agro-technique for augmenting sesame production.

Table 2. Effect of biofertilizer, phytohormone and zinc on seed yield, stover yield and harvest index or sesame

Treatments
Seed yield (kg ha-1)
Stover yield (kg ha-1)
*Harvest index (%)

T1 _ Control
464.83
1711.34
21.36 (27.52)

T2 _ Soil application of ZnSO4 @ 5 kg ha-1
560.08
1893.18
22.83 (28.54)

T3 _ Foliar application of ZnSO4 @ 0.5% at 40 and 55 DAS
641.90
2073.41
23.64 (22.09)

T4 _ Foliar application of planofix @ 30 ppm at 40 and 55 DAS
733.07
2309.97
24.09 (29.39)

T5 _ Seed inoculation with Azospirillum
552.11
1877.95
22.72 (28.46)

T6 _ ZnSO4 @ 5 kg ha-1 (soil) + ZnSO4 @ 0.5% (foliar)
909.63
2739.10
24.93 (29.85)

T7 _ ZnSO4 @ 5 kg ha-1 (soil) + planofix @ 30 ppm (foliar)
827.40
2540.12
24.57 (29.71)

T8 _ ZnSO4 @ 5 kg ha-1 (soil) + Azospirillum (seed)
818.64
2497.03
24.69 (29.79)

T9 _ ZnSO4 @ 5% (foliar) + planofix @ 30 ppm (foliar)
913.93
2741.79
25.00 (30.10)

T10 _ ZnSO4 @ 5% (foliar) + Azospirillum (seed)
822.84
2509.84
24.69 (29.79)

T11 _ ZnSO4 @ 5 kg ha-1 (soil) + ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar)
1076.96
3166.38
25.38 (30.25)

T12 _ ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar) + Azospirillum (seed)
996.63
2959.82
25.19 (30.12)

T13 _ ZnSO4 @ 5 kg ha-1 + ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar) + Azospirillum (seed)
1162.66
3349.89
25.76 (30.50)

SED 
38.24
78.76
0.06

CD (P=0.05)
78.93
162.56
0.12

* Figures in paranthesis are arc-sine transformed values.

Table 3. Effect of biofertilizer, phytohormone and zinc on economics of sesame

Treatments
Cost of cultivation (Rs. ha-1)
Gross income (Rs. ha-1)
Net return 

(Rs. ha-1)
Return per

rupee invested

T1 _ Control
5538.31
8599.36
3061.05
1.55

T2 _ Soil application of ZnSO4 @ 5 kg ha-1
5759.76
10361.48
6401.72
1.80

T3 _ Foliar application of ZnSO4 @ 0.5% at 40 and 55 DAS
5831.86
11875.34
6043.48
2.04

T4 _ Foliar application of planofix @ 30 ppm at 40 and 55 DAS
5893.66
13561.80
7668.14
2.30

T5 _ Seed inoculation with Azospirillum
5597.02
10214.04
4617.02
1.83

T6 _ ZnSO4 @ 5 kg ha-1 (soil) + ZnSO4 @ 0.5% (foliar)
6174.38
16828.16
10653.78
2.73

T7 _ ZnSO4 @ 5 kg ha-1 (soil) + planofix @ 30 ppm (foliar)
6237.41
15306.90
9069.49
2.45

T8 _ ZnSO4 @ 5 kg ha-1 (soil) + Azospirillum (seed)
5934.84
15144.84
9210.00
2.55

T9 _ ZnSO4 @ 5% (foliar) + planofix @ 30 ppm (foliar)
6310.95
16907.71
10596.76
2.80

T10 _ ZnSO4 @ 5% (foliar) + Azospirillum (seed)
6008.38
15222.54
7214.16
2.53

T11 _ ZnSO4 @ 5 kg ha-1 (soil) + ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar)
6536.83
19923.76
13386.93
3.05

T12 _ ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar) + Azospirillum (seed)
6370.84
18437.66
12066.82
2.89

T13 _ ZnSO4 @ 5 kg ha-1 + ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar) + Azospirillum (seed)
6596.72
21509.21
14192.49
3.26
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ABSTRACT

Field experiments were conducted to study the effect of improved agrotechniques viz., soil and foliar application of micronutrient (ZnSO4), seed inoculation with biofertilizer (Azospirillum) and foliar application of growth hormone (planofix) on nutrient uptake and quality characters of sesame (sesamum indicum L.) cv. TMV 3 during March to June, 1999 and March to May, 2000, at Annamalai University Experimental Farm, Annamalai Nagar, Tamil Nadu. There were altogether thirteen treatments consisting of individual and combined use of soil application of ZnSO4 at 5 kg ha-1, seed inoculation with Azospirillum, foliar application of ZnSO4 at 0.5 per cent twice at 40 and 55 DAS, and foliar application of planofix at 30 ppm twice at 40 and 55 DAS. The results showed that the uptake of nitrogen, phosphorus and potassium as well as the oil and protein contents were maximum with the combined use of the four individual treatments.

Introduction

Among the major oil seeds produced in India, sesame is one of the oldest and the third most important. Sesame has a high oil content (46-64%) and a dietary energy of 6355 Kcal kg-1. The seeds serve as rich source of protein (20-28%), sugars (14-16%) and minerals (5-7%). Sesame oil has about 80 per cent of unsaturated fatty acids, mainly oleic and linoleic acids. The seed quality is an integrated effect of nutritional, physiological and biochemical factors (Srivastava and Mehrotra, 1991). Little information is available regarding biochemical changes due to the integrated use of micronutrients, growth hormones and biofertilizers. Hence, an attempt was made to study the effect of soil application of ZnSO4, seed inoculation of Azospirillum and foliar application of both ZnSO4 and planofix on nutrient uptake and quality characters of sesame.

MATERIALS AND METHODS

Field experiments were conducted during 1999 and 2000 at Annamalai University experimental farm, Annamalai Nagar, Tamil Nadu, using the sesame cv. TMV 3. The soil of the experimental fields was low in available nitrogen, medium in available phosphorus and high in available potassium. There were altogether thirteen treatments consisting of individual and combined application of 1) Azospirillum seed inoculation, 2) soil application of ZnSO4 at 5 kg ha-1 3) foliar application of ZnSO4 at 0.5 per cent, and 4) foliar application of planofix at 30 ppm. Foliar treatments were applied twice at 40 and 55 DAS. The experiment was laid out in randomized block design with three replications. Sesame variety TMV 3 was sown adopting a seed rate of 5 kg ha-1 and a spacing of 30 x 30 cm. A fertilizer dose of 35:23:23 kg N, P2O5 and K2O ha-1, respectively was applied to all plots. Half the dose of N was applied as basal and the remaining half at 30 DAS. Need-based crop protection measures were taken. The nutrient uptake and quality characters of sesame viz., oil content and seed crude protein content were studied.

Results and Discussion

Nutrient uptake

All the treatments significantly influenced the nutrient (nitrogen, phosphorus and potassium) uptake (Table 1). The combined application of the four individual treatments registered the highest nutrients uptake viz., 73.41 kg ha-1 of nitrogen, 16.89 kg ha-1 of phosphorus and 40.72 kg ha-1 of potassium in the first crop and 75.93 kg ha-1 of nitrogen, 19.58 kg ha-1 of phosphorus and 42.16 kg ha-1 of potassium in the second crop.  The lowest nutrient uptake viz., 22.94 kg ha-1 of nitrogen, 4.25 kg ha-1 of phosphorus and 15.50 kg ha-1 of potassium in the first crop and 28.95 kg ha-1 of nitrogen, 4.87 kg ha-1 of phosphorus and 16.32 kg ha-1 of potassium in the second crop was recorded in the control. The increasing nutrient uptake with ZnSO4, planofix and biofertilizer application might be due to better absorption of mineral nutrients through a well developed root system. Similar findings were reported by Ramanathan and Prasad (1991) and Prakash (1998).

Oil content

The combined application of the four individual treatments recorded the highest oil content of 55.86 and 54.75 per cent in the first and second crop, respectively (Table 2). The lowest oil content (48.32 and 49.10 per cent in the first and second crop, respectively) was recorded with the control treatment. The results are in agreement with the earlier findings of Garai et al. (1990) and Muralidharudu and Singh (1990).

Seed crude protein content

The combined application of ZnSO4 at 5 kg ha-1 in the soil, seed inoculation with Azospirillum and foliar application of both ZnSO4 planofix recorded the highest seed crude protein content of 25.36 and 26.83 per cent in the first and second crop, respectively. The lowest seed crude protein content of 14.68 and 15.36 per cent were recorded in the control treatment in the first and second crop, respectively. The results are in line with the earlier reports of Gopala Gowda et al. (1995) and Chougale (1997).

Based on the results of the experiments, it can be concluded that the integrated use of soil application of ZnSO4, Azospirillum seed inoculation and foliar application of ZnSO4 and planofix will favourably increase the nutrient uptake and quality characters of sesame.
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Table 1. Effect of biofertilizer, phytohormone and zinc on the yield attributes of sesame

Treatments
Number of capsules plant-1
Number of seeds capsule-1
1000-seed weight (g)

T1 – Control
38.57
36.24
2.54

T2 – Soil application of ZnSO4 @ 5 kg ha-1
46.22
38.26
2.63

T3 – Foliar application of ZnSO4 @ 0.5% at 40 and 55 DAS
53.65
40.32
2.72

T4 - Foliar application of planofix @ 30 ppm at 40 and 55 DAS
61.36
42.53
2.80

T5 – Seed inoculation with Azospirillum
45.98
38.19
2.62

T6 – ZnSO4 @ 5 kg ha-1 (soil) + ZnSO4 @ 0.5% (foliar)
76.93
47.08
3.03

T7 – ZnSO4 @ 5 kg ha-1 (soil) + planofix @ 30 ppm (foliar)
69.50
45.10
2.93

T8 – ZnSO4 @ 5 kg ha-1 (soil) + Azospirillum (seed)
68.76
44.84
2.90

T9 – ZnSO4 @ 5 % (foliar) + planofix @ 30 ppm (foliar)
77.13
47.14
3.08

T10 – ZnSO4 @ 5 % (foliar) + Azospirillum (seed)
69.03
44.92
2.92

T11 – ZnSO4 @ 5 kg ha-1 (soil) + ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar)
92.43
51.21
3.24

T12 – ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar) + Azospirillum (seed)
84.58
49.15
3.16

T13 – ZnSO4 @ 5 kg ha-1 + ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar) +Azospirillum (seed)
99.84
53.61
3.35

SED
3.51
0.92
0.03

Cd (P=0.05)
7.24
1.90
0.06

Table 2. Effect of biofertilizer, phytohormone and zinc on seed yield, stover yield and harvest index of sesame

Treatments
seed yield 

(kg ha-1)
Stover yield 

(kg ha-1)
*Harvest index 

(%)

T1 – Control
464.83
1711.34
21.36 (27.52)

T2 – Soil application of ZnSO4 @ 5 kg ha-1
560.08
1893.18
22.83 (28.54)

T3 – Foliar application of ZnSO4 @ 0.5% at 40 and 55 DAS
641.90
2073.41
23.64 (22.09)

T4- Foliar application of planofix @ 30 ppm at 40 and 55 DAS
733.07
2309.97
24.09 (29.39)

T5 – Seed inoculation with Azospirillum
552.11
1877.95
22.72 (28.46)

T6 – ZnSO4 @ 5 kg ha-1 (soil) + ZnSO4 @ 0.5% (foliar)
909.63
2739.10
24.93 (29.85)

T7 – ZnSO4 @ 5 kg ha-1 (soil) + planofix @ 30 ppm (foliar)
827.40
2540.12
24.57 (29.71)

T8 – ZnSO4 @ 5 kg ha-1 (soil) + Azospirillum (seed)
818.64
2497.03
24.69 (29.79)

T9 – ZnSO4 @ 5 % (foliar) + planofix @ 30 ppm (foliar)
913.93
2741.79
25.00 (30.10)

T10 – ZnSO4 @ 5 % (foliar) + Azospirillum (seed)
822.84
2509.84
24.69 (29.79)

T11 – ZnSO4 @ 5 kg ha-1 (soil) + ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar)
1076.96
3166.38
25.38 (30.25)

T12 – ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar) + Azospirillum (seed)
996.63
2959.82
25.19 (30.12)

T13 – ZnSO4 @ 5 kg ha-1 + ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar) + Azospirillum (seed)
1162.66
3349.89
25.76 (30.50)

SED
38.24
78.76
0.06

CD (P=0.05)
78.93
162.56
0.12

*   Figures in paranthesis are Are-sine transformed values.

Table 3. Effect of biofertilizer, phytohormone and zinc on economics of sesame

Treatments
Cost of cultivation (Rs.ha-1)
Gross income (Rs.ha-1)
Net return (Rs.ha-1)
Return per rupee invested

T1 – Control
5538.31
8599.36
3061.05
1.55

T2 – Soil application of ZnSO4 @ 5 kg ha-1
5759.76
10361.48
6401.72
1.80

T3 – Foliar application of ZnSO4 @ 0.5% at 40 and 55 DAS
5831.86
11875.34
6043.48
2.04

T4- Foliar application of planofix @ 30 ppm at 40 and 55 DAS
5893.66
13561.80
7668.14
2.30

T5 – Seed inoculation with Azospirillum
5597.02
10214.04
4617.02
1.83

T6 – ZnSO4 @ 5 kg ha-1 (soil) + ZnSO4 @ 0.5% (foliar)
6174.38
16828.16
10653.78
2.73

T7 – ZnSO4 @ 5 kg ha-1 (soil) + planofix @ 30 ppm (foliar)
6237.41
15306.90
9069.49
2.45

T8 – ZnSO4 @ 5 kg ha-1 (soil) + Azospirillum (seed)
5934.84
15144.84
9210.00
2.55

T9 – ZnSO4 @ 5 % (foliar) + planofix @ 30 ppm (foliar)
6310.95
16907.71
10596.76
2.80

T10 – ZnSO4 @ 5 % (foliar) + Azospirillum (seed)
6008.38
15222.54
7214.16
2.53

T11 – ZnSO4 @ 5 kg ha-1 (soil) + ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar)
6536.83
19923.76
13386.93
3.05

T12 – ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar) + Azospirillum (seed)
6370.84
18437.66
12066.82
2.89

T13 – ZnSO4 @ 5 kg ha-1 + ZnSO4 @ 0.5% (foliar) + planofix @ 30 ppm (foliar) + Azospirillum (seed)
6596.72
21509.21
14192.49
3.26

*   Produce cost @ Rs. 18.50 /kg

INTEGRATED NUTRIENT MANAGEMENT IN RAINFED SESAME (Sesamum indicum L.) IN ASSURED RAINFALL ZONE

Narkhede T.N., S.C. Wadile, D.R. Attarde and R.T. Suryawanshi

Oilseeds Research Station, Jalgaon 425 001, India

ABSTRACT

An experiment on integrated nutrient management in rainfed sesame (Sesamum indicum L.) was conducted at Oilseeds Research Station, Jalgaon in Karhif 1995 to 1997 under assured rainfall conditions. Application of organic manure as castor cake at the rate of 1.0 t/ha or farm yard manure (FYM) at 5.0 t/ha together with the recommended level of nitrogen (50 kg N/ha) applied as 25 kg N/ha at sowing and 25 kg N/ha three weeks after sowing, was found to be the most effective strategy to maximise the productivity of sesame under assured rainfall conditions.

INTRODUCTION

Sesame ranks third in area and production of all the oilseed crops in India, contributing 32 percent of the total oilseed production under assured rainfall condition. It is cultivated with traditional package of practices and inadequate level of inputs. Particularly, the inadequate use of nutrients is an important factor limiting the full expression of sesame yield potential. The use of organic manure was undertaken at Oilseeds Research Station, Jalgaon, to find out the appropriate ratio of organic and inorganic nutrient sources.

MATERIALS AND METHODS

The field experiment was conducted for three years in Kharif 1995 to 1997 at Oilseeds Research Station, Jalgaon on medium black soil having pH 7.8, 112.6 kg/ha available nitrogen, 14.8 kg/ha available P2O5 and 726.4 kg/ha available K2O. The experiment was laid out in factorial randomised block design with three replications and twenty-seven combinations of applications of organic manure, inorganic fertilizer and biofertilizer (Table 1). The variety Padma was used. The plot size was 3.60 x 3.0 m. The crop was sown in lines at the spacing of 30 x15 cm. The organic manure, biofertilizer and half the dose of inorganic fertiliser were applied at the time of sowing and half the dose of inorganic fertilizer was applied three weeks after sowing. The crop was sown on 17‑07‑95, 10‑07‑96 and 05‑07‑97 and harvested on 09-10-95, 23‑09‑96 and 23‑09‑97, respectively.

RESULTS AND DISCUSSION

The data on mean grain yield of sesame (kg/ha), gross monetary returns (Rs/ha) and benefit-cost ratio are presented in Table 1.

Table 1. Mean grain yield (kg/ha), gross monetary returns (Rs/ha), and benefit-cost ratio of sesame as influenced by various treatments

Treatment
Seed yield kg/ha

Gross monetary returns (Rs/ha)
Mean

B:C Ratio


1995
1996
1997
Pooled mean
1995
1996
1997
Pooled mean


Organic manure


Control
871
427
365
554
21787
7685
7287
12253
2.97

FYM 5 T/ha
1097
620
586
768
27435
11167
11722
16775
3.42

Castor cake (1 t/ha)
1210
894
891
998
30231
16093
17815
21380
4.34

S.E. ±
9.90
13.92
11.39
11.12
235.00
251.37
229.12
183.34
-

CD at 5%
28.00
38.00
32.00
44.00
657.00
697.00
635.00
509.00
-

Inorganic Fertilizer


Control 
759
590
525
625
18991
10630
10500
13373
3.14

50 % RDF (25 kg N/ha)
967
664
580
737
24167
11963
11602
15910
3.66

100% RDF (50 kg N/ha)
1454
686
736
959
36296
12352
14722
21123
3.93

S.E. ±
9.90
13.92
11.39
10.94
235.00
251.37
229.12
835.2
-

CD at 5%
28.00
38.00
32.00
44.00
651.00
697.00
635.00
2319.00
-

Biofertilizer










Control
1067
604
577
749
26685
10870
11537
16364
3.49

Azospirillum
1054
657
608
773
26361
11815
12148
16775
3.59

PSB
1057
680
657
798
26407
12250
13139
17269
3.65

S.E. ±
9.90
13.92
11.39
9.74
235.00
251.37
229.12
77.28
-

CD at 5%
NS
38.00
32.00
NS
NS
697.00
635.00
NS
-

Effects of organic manures

The application of castor cake at 1.0 t/ha produced significantly higher grain yield in all the seasons and when the data were pooled over the seasons than both the control and the application of FYM (5.0 t/ha). The application of FYM (5.0 t/ha) also produced significantly higher grain yield of sesame than the control in all the seasons and when the data were pooled over the seasons. On pooled mean basis, application of castor cake and FYM produced significantly (78.6 and 39.6 percent, respectively) more grain yield than the control. These results are in conformity with the results obtained in Mandore (Rajasthan) (Anonymous, 1998). The application of castor cake gave significantly more gross monetary returns/ha than the control and the application of FYM in all the seasons and when the data were pooled over the seasons. The highest benefit cost ratio (4.34) was also obtained with the application of castor cake followed by the application of FYM (3.42) and the control (2.97).

Effects of inorganic fertilizers

The application of 100 per cent recommended level of nitrogen (50 kg N/ha) produced significantly more grain yield of sesame than the control and the application of 50 per cent recommended level of nitrogen (25 kg N/ha) in 1995, 1997 and when the data were pooled over the seasons. However, in 1996 it was on par with the application of 50 per cent of the recommended level. Jadhav et.al. (1991) reported that the application of nitrogen improved the 1000-seed weight, number of capsules, weight of seeds/plant and ultimately the seed yield of sesame. Pawar et al. (1993) have also reported similar increase in grain yield of sesame.

Effects of biofertilizers

The seed treatment with PSB produced significantly more grain yield and gave more gross monetary returns/ha than the control in 1997, though the differences in grain yield and gross monetary returns/ha were not significant in 1995 and when the data were pooled over seasons. Seed treatment with PSB was on par with the Azospirillum seed treatment. These results are in conformity with the results from Amereli, Tikamgarh (Anonymous, 1998). Seed treatment of PSB recorded the highest benefit cost ratio (3.65) followed by Azospirillum seed treatment (3.59) and the control (3.49).

From these results, it is concluded that the application of organic manure as castor cake at the rate of 1 t/ha or FYM 5.0 t/ha together with 50 kg N/ha in two splits (1/2 at sowing and 1/2 at 3 weeks after sowing) is most effective to maximise the productivity of rainfed sesame under assured rainfall zone.
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effect of soil incorporation of paddy RICE husk on the growth AND yield parameters OF SESAME and ON soil physico-chemical characteristics
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abstract

An experiment was carried out with sesame cv. TMV 3 to study the effect of soil incorporation of paddy rice husk on plant growth, yield characters and soil physico-chemical characteristics. The study showed that husk incorporation increased all the growth and yield parameters, improved the soil N, P, K and organic carbon content and water holding capacity.

introduction

In India, sesame is a conventional and important oilseed crop next to groundnut. The area under sesame cultivation tends to decrease. By 2020, the edible oil requirement will be 20.8 million tonnes, equivalent to 60 million tonnes of oilseeds. The yield potential of sesame is very low and the production can be increased with the available resources by using efficient, new agronomic practices in a sustainable way. Soil incorporation of rice husk (major agricultural waste) could be a useful way to add plant nutrients to the soil and to improve the soil physical characters, so that crop yield can be increased. The objective of this research was to study the effect of soil incorporation of rice husk on seed yield and yield parameters of sesame and on soil physico-chemical features.

materials and methods

The experiment was carried out during summer season (March-May) at Annamalai University Experimental Farm, Annamalai Nagar using TMV 3 sesame variety. The soil of the experimental field was clay loam with pH of 7.8, EC (0.38 dsm-1), organic carbon (0.42%), available N (225 kg ha-1), available P  (12 kg ha-1) and available K (305 kg ha-1). The treatments consisted of different levels of paddy rice husk incorporation viz, 0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3 t ha-1. All plots received 35:23:23, N:P2O5:K2O kg ha-1. The husk was incorporated during ploughing operation at a soil depth of 0-15 cm one week before sowing. Observations on plant height, LAI, capsules, DMP, seed yield, post harvest N, P, K and organic carbon content, bulk density and water holding capacity of soil were recorded and subjected to statistical analysis.

resultS and discussion

The paddy rice husk incorporation influenced the plant height, leaf area index (LAI) and branch numbers significantly (Table 1). The maximum dose of paddy husk (3 t ha-1) recorded the maximum increase in plant height (30%), LAI (41%) and number of branches (42%).

Table 1. Effect of paddy rice husk incorporation on growth and yield of sesame.

Treatments
Plant height (cm)
LAI
Dmp

t ha-1
Capsules/ plant
Seeds/ capsule
Branches/

plant
Seed yield kg ha-1

1. Control (no husk)
37.1
1.71
0.72
25.3
14.6
2.33
551.1

2. Husk @ 0.5 t ha-1
39.3
1.88
0.76
27.3
15.6
2.73
625.6

3. Husk @ 1.0 t ha-1
41.3
1.89
0.83
32.6
16.0
2.89
665.8

4. Husk @ 1.5 t ha-1
44.4
2.1
0.86
34.6
16.3
3.10
727.2

5. Husk @ 2.0 t ha-1
45.6
2.2
0.89
37.3
18.0
3.19
763.3

6. Husk @ 2.5  t ha-1
47.2
2.3
0.92
39.6
18.3
3.22
787.6

7. Husk @ 3.0 t ha-1
48.5
2.4
0.98
41.6
19.6
3.32
804.5

C.D (P = 0.05)
4.47
0.29
0.07
3.69
2.17
0.26
15.58

LAI - leaf area Index

DMP – Dry matter production

There were significant differences in seed yield due to different treatments. Application of paddy husk at 3 t ha-1 resulted in the highest seed yield (804 t ha-1), which is 46% higher than the control. This is in conformity with the findings of Quadri et al. (1989), who reported that paddy husk incorporation at 0.5 t ha-1 increased the jowar yield up to 14 per cent.

The nutrient content and physical characters of the soil were improved due to paddy husk incorporation (Table 2). The available N (16%), available P (60%) and available K (9%) were increased at 3 t ha-1. These results are in agreement with those of Vaidyanathan (1984), who informed that post harvest N, P, K content were increased by adding paddy husk into the soil for rice crop. Apart from this, the water holding capacity and organic carbon content were also improved significantly. The sesame yield improvement might be due to higher available moisture and nutrient content of the soil.

Table 2. Effect of paddy husk incorporation on soil physico chemical features

Treatments
Available

N

(kg ha-1)
Available

P

(kg  ha-1)
Available K

(kg ha-1)
Organic carbon (%)
Water holding  capacity (%)
Bulk density g/cm3

1. Control (no husk)
243.3
17.4
324.0
0.42
51.2
1.34

2. husk @ 0.5 t ha-1
250.6
17.9
329.1
0.51
53.8
1.29

3. Husk @ 1.0 t ha-1
254.5
21.3
331.2
0.53
54.3
1.24

4. Husk @ 1.5 t ha-1
260.4
23.2
336.0
0.55
56.4
1.21

5. Husk @ 2.0 t ha-1
264.7
24.4
341.3
0.60
56.8
1.18

6. Husk @ 2.5 t ha-1
272.6
27.3
347.5
0.63
58.3
1.12

7. Husk @ 3.0 t ha-1 
282.2
28.1
355.6
0.68
60.8
1.11

C.D = (P = 0.05)
5.36
2.24
3.81
0.02
2.37
0.14
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RESPONSE OF SESAME TO IMPROVED MANAGEMENT PRACTICES AT FARMER’S FIELDS
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ABSTRACT

Front line demonstrations were conducted at farmer’s fields under rainfed conditions in Vindhyan zone of Mirzapur district during Kharif 1998-99 and 1999-2000. They clearly showed that supplying the single critical input nitrogen (40 kg/ha) through urea increased the average seed yield of sesame var. Gujarat-1 by 21.90 per cent. Improved seed and phosphorus application (20 kg/ha) increased yield by 14.15 per cent. Application of potash (K2O) resulted in 10.6 per cent increase in productivity. Combining of all components (improved seed + phosphorus + potassium) increased the productivity by 166 per cent and 59 percent during 1998-99 and 1999-2000, respectively. The average increase of the productivity was 112.87 percent. Average return on per rupee extra invested was up to Rs. 2.41.

INTRODUCTION

Mirzapur district is situated in the south-eastern part of Uttar Pradesh State. Vindhyan Zone is completely unirrigated, and only rainfed crops are cultivated. The average land holding size of the district is 1.05 ha, which covers 68.5 percent of the total population. The average yield of sesame in the district is nearly 0.6 kg/ha-1, which is below the state average yield. The main cause of low yield is broadcasting the seed after preparation of the field. Initially, there is a good germination but at latter stage during stress conditions the crop suffers moisture stress. The second reason for low yield is that the farmers grow this crop on marginal and sub-marginal lands. Poor management and input starved conditions are a third important factor of low yield. In general, farmers do not use any fertilizer in this crop; only a low proportion of them use urea at the rate of 25-30 kg ha-1. The aim of this work was to carry out demonstration at farmers fields in order to improve management practices.

MATERIALS AND METHODS

Three villages i.e. Bahutee, Fuliyaree and Parmapur of Mirihan block of the Vindhyan zone were surveyed. Farmers in these villages were successfully trained for managing this crop in better way. They were also trained in package practices for this crop. To overcome the low productivity, different critical inputs like improved seed variety Gujarat-1 and fertilizer (nitrogen at 40 kg ha-1, phosphorus at 20 kg ha-1, and potassium at 20 kg ha-1) were given to 5 and 9 farmers in the years 1998-99 and 1999-2000, respectively. The crop was sown up to second fortnight of July in both years. Plant spacing was maintained at 30 x 10 cm.

RESULTS AND DISCUSSION

The average increase in the productivity of sesame by supplying either of the single critical inputs improved seed of variety Gujarat-1 or phosphorus fertilizer at 20 kg ha-1 was 14.15 per cent (Table 1). The highest increase in the productivity was recorded with 40 kg nitrogen application. A lower increase in the productivity was observed with 20 kg ha-1 of potassium. When all the three inputs components were combined, the highest increase in the productivity (112,87 per cent) was observed (Table 1).

Table 1. Response of sesame yield to different inputs

Inputs
Percentage increase in productivity as compare to local check


1998-99
1999-2000
Average

Improved seed (var. Gujarat-1)
15.60
12.70
14.15

Nitrogen (40 kg ha-1)
29.50
14.30
21.90

Phosphorus (20 kg ha-1)
15.30
13.00
14.15

Potash (20 kg ha-1)
12.10
9.10
10.60

Improved seed (Gujarat-1) + Nitrogen (40 kg ha-1) + Phosphorus (20 kg ha-1) + Potash (20 kg ha-1)
166.66
59.09
112.87

Considering the cost of cash input (Rs ha-1), it was observed that the supply of Rs. 2100 (1998-99) and Rs. 2500 (1999-2000) increased the seed yield by 166.66 per cent and 59.09 per cent, respectively as compared to local check plots (farmers practices) (Table 2). Return from per rupee invested was increased up to Rs. 2.33 and Rs. 2.5 in the year 1998-99 and 1999-2000, respectively (Table 2).

Table 2. Performance of demonstrations conducted at farmer’s field of Mirzapur

Year
Variety
No. of farmers/ Demons.
Area (ha)
Yield of demonstration

(kg ha-1)
Increases in yield (%)
Cost of cash input (Rs. ha-1)
Return rupee invested (Rs)





Max
Mean
Check

Mean
Check


1998-1999
Gujarat-1
5
5.00
3.60
3.20
1.20
166
2100
900
2.33

1999-2000
Gujarat-1
9
5.00
2.80*
2.10*
1.32*
59
2500
1000
2.50

* The actual rainfall during the year 1999-2000 was nearly 400 mm higher than the average rainfall, which caused damage
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OPTIMUM TIME OF SOWING AND NITROGEN MANAGEMENT FOR SUMMER IRRIGATED SESAME (Sesamum indicum L.)
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ABSTRACT

The influence of various dates of sowing and N management for summer irrigated sesame was studied at the Agricultural College and Research Institute farm (TNAU), Killikulam during 1995,1997 and 1998. The results of the study indicated that sowing from 16th February to March was the ideal time for summer irrigated sesame. Application of nitrogen at 40 kg ha-1 in two equal splits (basal + on 30 DAS) was found to be the economical N management schedule for summer irrigated sesame.

Key words: Summer irrigated, sesame, dates of sowing, nitrogen management

INTRODUCTION

Sesame (Sesamum indicum L.) is being grown extensively in the Tirunelveli and Thoothukudi destricts of Tamil Nadu, India, as a rice fallow crop and also as a pure irrigated crop in the summer season. Though Tamil Nadu has a sizeable area of 125.000 has under sesame with a production of 44000 tons, the productivity of the crop is very low as compared to the West Bengal (525 kg ha-1) and Orissa (520 kg ha-1) districts of India. The reason for such a wide yield gap between different states has to be identified in order to bridge that gap. An indiscriminate irrigation water supply, untimely sowing and a lack of nutrients are the reasons for low productivity in irrigated sesame. It is highly imperative to develop improved agro techniques to exploit the yield potential of sesame under summer season conditions.

MATERIALS AND METHODS

Field experiments were conducted at the Agricultural College and Research Institute, Killikulam (TNAU), in the Thoothukudi districts, Tamil Nadu during 1995, 1997 and 1998 under summer irrigated conditions. The sesame cultivar SVPR 1 with a growing cycle of 75 days was used in this study. The experiment was laid out in a split plot design with three replications.

The different dates of sowing viz., 1st February, 16th February and 3rd March were assigned to the main plots. Nutrition treatments of 20, 40, 60 kg N ha-1 as basal and also in two equal splits (50 per cent as basal + 50 per cent on 30 DAS) were assigned to the sub plots. The status of soil was low in available N, medium in available P, and high in available K.

RESULTS AND DISCUSSION

Plant height

Among the various dates of sowing, the February 16th sowing recorded an increased plant height of 122.88 cm during 1995 and 107.94 cm during 1998 (Table 1). However, during 1997 the sowing date of March 3rd exhibited the maximum plant height of 108.84 cm..

Table 1. Effect of dates of sowing and N management on growth and yield components of summer irrigated sesame

Treatments
Plant height at maturity (cm)

No. of capsules per plant


1995
1997
1998
1995
1997
1998

Dates of sowing







D1 February 1st
D2 February 16th
D3 March 3rd
R test

SEd

CD ( P = 0.05)
120.66

122.88

101.88

Sig.

0.24

0.65
96.27

102.52

108.84

Sig.

1.41

3.93
97.30

107.94

102.03

Sig.

1.12

3.10
42

51

55

Sig.

0.63

1.80
64.68

78.02

84.79

Sig.

1.13

3.15
58.38

73.10

71.07

Sig.

0.24

0.67

N Management








N1-20kg N basal

N3-20kg N basal+30 DAS

N4-40kg N basal

N4-40kg N basal+30 DAS

N5-60kg N basal

N6-60kg N basal+ 30DAS

R test

SEd

CD (P = 0.05)
99.28

99.28

111.16

133.50

133.07

133.35

Sig.

0.34

0.70
93.78

96.70

99.96

103.85

108.62

112.37

Sig.

1.75

3.57
91.33

93.36

96.70

116.96

113.40

102.80

Sig.

1.24

2.54
38

39

55

58

51

54

Sig.

0.91

2.50
55.55

59.70

69.81

98.81

91.33

99.76

Sig.

1.30

2.65
53.57

58.29

66.22

81.14

76.48.

69.44

Sig.

0.91

1.86

The data on plant height during 1995 and 1998 (Table 1) revealed that the application of 40 kg N ha-1 in two equal splits recorded significantly taller plants of 133.5 cm and 116.96 cm, respectively. During 1997, the application of 60 kg N ha-1 in two equal splits showed a maximum plant height of 112.37 cm followed by the same dose as basal (108.62 cm). The present findings are in conformity with the findings of Majumdar and Pai (1988) and Kalita (1994).

Number of capsules/plant

The data on number of capsules per plant at maturity (Table 1) revealed that the 3rd date of sowing (March 3rd) recorded a greater number of capsules during 1995 (55) and 1997 (84.79). During 1998, the February 16th sowing exhibited its superiority to others by 73.10 capsules per plant. These findings were similar to those of Ramdoss (1989) and Sharma (1993).

Among various N management practices, 40 kg ha-1 in two equal splits recorded the highest number of capsules per plant during 1995 and 1998 (58 and 81.14, respectively) (Table 1). In 1997, the application of 60 kg N ha-1 in two equal splits recorded higher number capsules of 99.76 per plant followed by 30 kg N ha-1 in two equal splits (98.81). These findings are in line with those of Gnanamurthy (1991) and Kannan (1993).

Seed yield

Seed yield was higher when seeds were sown on February 16th in 1997 and 1998 (856 and 884 kg ha-1, respectively) (Table 2). In 1995, the March 3rd sowing showed a higher seed yield of 613 kg ha-1 followed by the February 16th sowing (610 kg ha-1). A similar trend was observed by Ramdoss (1989) and Sharma (1993).

Among various N management practices, 40 kg N in two equal splits recorded the highest seed yield of 677 kg ha-1 and 893 kg ha-1 in 1995 and 1997, respectively, followed by 60 kg in two equal splits (671 kg ha-1 and 798 kg ha-1) (Table 3). However, in 1998 the application of 60 kg nitrogen in two equal splits showed the highest seed yield of 919 kg ha-1. These findings are in line with those of Shewale et al. (1994) and Kannan and Wahab (1995).

Table 2. Effect of dates of sowing and N management on seed yield (kg ha-1) of summer irrigated sesame.


N1
N2
N3
N4
N5
N6
Mean
SEd
CD

1995

D1
D2
D3
Mean











414

469

472

452
407

479

480

455
576

649

652

626
640

693

697

677
632

684

686

667
638

687

688

671
551

610

612
5.3

5.4

N.S
15.6

11.0












1997










D1
D2
D3
Mean
460

655

560

558
526

708

630

621
668

834

750

751
781

1055

843

893
591

904

751

749
679

940

775

798
618

849

718
11.1

17.2

32.0
32.0

35.4

66.0


































1998










D1
D2
D3
Mean
490

658

548

565
555

792

665

671
665

854

714

745
861

919

784

855
837

1054

865

919
809

1029

846

895
703

884

737
4.8

13.3

21.4
13.3

26.9

44.5


































The three year yield work was pooled and the mean yield obtained revealed that the sowing of sesame on 16th February recorded the highest yield of 780 kg ha-1 (Table 3) followed by the March 3rd sowing (689 kg ha-1 ). N level management of 40 kg N ha-1 applied in two equal splits as 50 per cent as basal and 50 per cent as top dressing on 30 DAS recorded the highest yield of 808 kg ha-1.

CONCLUSIONS

The results of the study over three seasons indicated that the ideal time of sowing for obtaining a high yield in summer irrigated sesame in the red soils of Tirunelveli and Thoothududi districts was from 16th February to 3rd March. Nitrogen at 40 kg ha-1 applied in two equal splits (basal + 30 DAS) was found to be an economical N management practice for summer sesame.

Table 3. Effect of dates of sowing and N management on seed yield (kg ha-1 ) of summer irrigated sesame

Treatments
1995
1997
1998
Mean

Dates of sowing





D1 February 161st
D2 February 16th
D3 March 3rd
551

610

613
618

856

718
703

884

737
624

781

689

N Management





N1-20kg N basal

N2-20kg N basal+30DAS

N3-40kg N basal

N4-40Kg N basal+30DAS

N5-60kg N basal

N6-60kg N basal+30DAS
452

455

626

677

667

671
558

621

751

893

749

798
565

671

745

855

919

895
523

582

707

808

778

788
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IDENTIFICATION OF RESISTANT SOURCES TO ROOT ROT OF SESAME CAUSED BY Macrophomina phaseolina (Tassi.) Goid.

Dinakaran, D. and S. E. Naina Mohammed

Regional Research Station, Tamil Nadu Agricultural University

Vridhachalam ‑ 606 001, Tamil Nadu, India.

ABSTRACT

Three entries of sesame viz., ORM 7, ORM 14 and ORM 17 were sown along with check varieties (TMV 3, Co 1, and VRI 1) at fortnightly intervals from June 1997 to May 1998 for screening against root rot disease. All three cultures were found to be resistant (less than 10 per cent incidence) to root rot disease under natural field conditions recording a mean incidence of 4.99, 5.17 and 4.14 per cent, respectively. These three accessions were also screened under artificially inoculated pot culture conditions during rabi 1999-2000 showing also resistant reaction under these conditions, with a mean incidence of 10.0, 9.1 and 8.3 per cent, respectively, whereas the susceptible varieties TMV 3, Co 1 and VRI 1 recorded the maximum incidence of 66.7, 70.0 and 91.7 per cent, respectively.

Key words: Sesame, root rot, Macrophomina phaseolina, resistance, field conditions, pot culture conditions.

INTRODUCTION

Sesame (Sesamum indicum L.) is one of the most important oilseed crops in India. Although it has been cultivated for a long time, no significant increase in the productivity has been achieved yet. This low productivity (305 kg/ha) has been attributed to the occurrence of pests and diseases. The crop suffers from various fungal, bacterial, viral and mycoplasma diseases. Among the fungal diseases, root rot caused by Macrophomina phaseolina (Tassi.) Goid is the most devastating disease in Tamil Nadu. Maiti et al. (1988) reported an estimated yield loss of 57 per cent at about 40 per cent of disease incidence. The most common symptom of the disease is the sudden wilting of plants throughout the crop growth, mainly after the flowering phase, when due to severe infection, the stem becomes black and the roots rot with large number of black sclerotia being formed on the affected portions. The pathogen survives as sclerotia in the soil and in crop residues and it has also been reported to be seed-borne.

Due to its soil-borne nature, practically no field control is available (Maiti et al., 1988). Hence the present study was undertaken to identify sources of genetic resistance against the pathogen under both field and artificial conditions. Screening of some sesame cultivars against the root rot pathogen has already been done by several workers (Dinakaran et al., 1996; El Deeb, 1989; Rajput et al., 1998).

MATERIALS AND METHODS

A field trial was conducted in the experimental farm of the Regional Research Station, Vridhachalam during 1997-98. Three sesame entries viz., ORM 7, ORM 14 and ORM 17, which were found to be free from root rot disease under field conditions (Dinakaran et al., 1996), were raised along with three susceptible check varieties (TMV 3. Co 1 and VRI 1) on 1st and 16th of every month from June 1997 to May 1998. The trial was laid out in randomised block design with 3 replications in a sandy loam soil. Each accession was raised in a plot size of 9 m2 adopting a spacing of 30 x 30 cm. A fertiliser dose of 35:23:23 kg of N, P2O5 and K2O was given at basal application and the normal agronomic practices and plant protection measures against insects pests were followed. Per cent incidence of root rot was assessed at regular intervals, and the final incidence was observed on 75 DAS. The reaction of these entries was categorised as indicated below.

Per cent infection
Disease scale
Reaction

1-10
1
Resistant ( R )

11-20
3
Moderately Resistant (MR)

21-30
5
Moderately Susceptible (MS)

31-50
7
Susceptible (S)

51-100
9
Highly Susceptible (HS)

Pot culture study

A pot culture study was conducted during rabi 1999‑2000 to confirm the field resistance of sesame entries to root rot pathogen. The inoculum of Macrophomina phaseolina, multiplied in sand-maize medium was incorporated into unsterilised pot soil at 5 per cent (w/w). Each entry was sown in five pots and replicated four times. In each pot, 8-10 plants were maintained. The incidence of root rot was recorded periodically and the final observation was made on 75 DAS.

RESULTS AND DISCUSSION

The observations recorded in fortnightly sowings of sesame revealed that the accessions ORM 7, ORM 14 and ORM 17 were resistant (less than 10%) throughout the period of study recording a mean incidence of 4.99, 5.17 and 4.14 per cent, respectively (Table 1). The susceptible checks TMV 3, Co 1 and VRI 1 recorded a mean root rot incidence of 30.10, 30.75 and 38.66 per cent respectively. Rajput et al. (1998) also identified a few genotypes of sesame resistant to charcoal rot under field conditions.

The plants sown between 1/10/97 and 1/12/97 failed because of the continuous and heavy rain received during the period. The accessions ORM 7, ORM 14 and ORM 17 also exhibited a resistant reaction under artificially inoculated pot culture conditions, recording a mean incidence of 10.0, 9.1 and 8.3 per cent, respectively, as compared with 66.7, 70.0 and 91.7 per cent in TMV 3, Co 1 and VRI 1 (Table 2). It is concluded from these results that the entries showing a resistant reaction could be utilized for large scale cultivation or in hybridization programmes to develop resistant varieties with good yield potential.

Table 1. Disease reaction of promising sesame accessions and cultivar checks to root rot disease in different sowing dates

Date of sowing
Mean root rot incidence (%)
Mean


ORM 7
ORM 14
ORM 17
TMV 3
CO 1
VRI 1


01.06.97
5.00 (12.85)
4.43 (12.10)
5.40 (13.12)
17.70 (24.84)
10.23 (18.37)
26.80 (30.10)
11.59 (18.73)

16.06.97
9.80 (18.12)
5.63 (13.57)
2.27 (8.58)
4.80 (12.48)
14.03 (21.97)
12.57 (19.22)
8.18 (15.66)

01.07.97
7.90 (15.89)
8.70 (16.85)
9.27 (17.72)
15.53 (21.07)
7.17 (14.62)
11.53 (19.82)
10.02 (17.66)

16.07.97
5.67 (13.64)
5.00 (12.72)
4.60 (12.36)
4.07 (11.58)
1.73 (7.49)
4.40 (12.08)
4.25 (11.65)

01.08.97
2.63 (7.60)
1.80 (6.08)
1.93 (6.36)
3.10 (5.92)
2.03 (6.70)
3.87 (9.17)
2.56 (6.97)

16.08.97
2.17 (8.26)
1.73 (7.49)
1.40 (6.72)
10.50 (17.91)
14.90 (22.47)
13.33 (21.10)
7.34 (13.99)

01.09.97
8.50 (16.89)
7.03 (14.47)
5.63 (13.43)
71.47 (57.77)
63.60 (52.91)
77.87 (61.94)
39.02 (36.24)

16.09.97
2.37 (7.22)
7.77 (15.98)
1.47 (4.04)
24.53 (29.53)
27.60 (31.61)
14.90 (22.55)
13.11 (18.49)

01.10.97
Crop failed due to continuous and heavy rain


16.10.97



01.11.97



16.11.97



01.12.97



16.12.97
3.77 (11.16)
2.77 (9.57)
1.63 (6.91)
94.00 (75.91)
88.00 (69.73)
88.87 (70.77)
46.51 (40.68)

01.01.98
4.43 (11.59)
7.97 (16.30)
3.93 (11.04)
40.80 (39.61)
35.57 (36.60)
48.30 (44.01)
23.50 (26.52)

16.01.98
5.57 (13.58)
7.30 (15.28)
6.93 (15.21)
39.57 (38.96)
35.87 (36.71)
42.00 (40.39)
22.87 (26.69)

01.02.98
8.90 (17.33)
8.10 (16.52)
7.73 (16.10)
16.73 (23.83)
18.10 (24.91)
28.70 (32.46)
14.71 (21.86)

16.02.98
5.80 (13.80)
5.30 (13.03)
7.20 (14.90)
27.53 (31.12)
37.77 (37.22)
35.07 (36.19)
19.78 (24.38)

01.03.98
5.37 (12.88)
3.23 (10.25)
3.77 (10.17)
39.37 (38.46)
44.93 (41.82)
55.47 (48.46)
25.36 (27.01)

16.03.98
5.57 (13.47)
5.07 (10.62)
5.17 (12.84)
32.40 (34.66)
33.10 (34.95)
57.03 (49.16)
23.06 (25.95)

01.04.98
2.07 (7.98)
0.27 (1.71)
0.90 (4.39)
27.60 (31.59)
31.73 (34.25)
51.83 (46.08)
19.07 (21.00)

16.04.98
3.23 (7.97)
3.70 (8.93)
1.13 (4.99)
34.87 (36.14)
46.57 (43.02)
57.57 (49.35)
24.51 (25.07)

01.05.98
4.1 (11.61)
6.97 (15.25)
4.33 (11.78)
33.47 (35.19)
31.10 (33.77)
50.43 (45.20)
21.73 (25.47)

16.05.98
2.99 (6.64)
5.40 (10.93)
3.97 (9.32)
33.83 (35.16)
40.27 (38.82)
54.00 (47.37)
23.24 (24.71)

Mean
4.99 (12.03)
5.17 (11.98)
4.14 (10.53)
30.10 (31.67)
30.75 (32.00)
38.66 (37.18)





SEd
CD




Variety


1.10
2.16




Date of sowing
1.95
3.84




Interaction variety x date of sowing
4.77
9.4




Table 2. Reaction of promising sesame genotypes and cultivar checks to root rot disease

S. No
Entry
Root rot (%)



Field condition
Pot culture condition

1
ORM 7
4.99 (12.86)
10.00 (18.39)

2
ORM 14
5.17 (13.11)
9.10 (17.53)

3
ORM 17
4.14 (11.71)
8.30 (16.72)

4
TMV 3
30.10 (33.27)
66.70 (54.78)

5
Co 1
30.75 (33.67)
70.00 (56.81)

6
VRI 1
38.66 (38.33)
91.70 (73.64)


SEd
1.87
1.61


C.D. (P=0.05)
3.98
3.43

REFERENCES

Dinakaran, D., V. Manoharan and V. Dharrnalingam. 1996. Screening for multiple disease tolerance in sesame. Sesame and Safflower Newsl., 11:54-56.

El‑Deeb, A.A. 1989. Report on root rot on field diseases of sesame in Egypt. Oilcrops: Sesame and Safflower, Sido Net works. Proceedings of the joint second workshop held in Cairo, Egypt, 9‑12, September, IDRC, CROL CILD. pp. 55‑58.

Maiti, S., M.R. Hegde and S. B. Chattopadhyay. 1988. Handbook of annual oilseed crops. Oxford and IBH Publishing Co. Pvt. Ltd., New Delhi. p. 325.

Rajput, M. A., Z. H. Khan, K. A. Jafri and J. A. Fazal Ali 1998. Field screening of sesame germplasm for resistance against charcoal rot (Macrophomina phaseolina) Sesame and Safflower Newsl., 13:63-66

RESPONSE OF DIFFERENT PROMISING GENOTYPES OF SESAME TO MAJOR INSECT PESTS AND LEAF SPOT DISEASE

Patil, S.K., P.K. Dharne and D.A. Shambharkar

Oilseeds Research Station, MPKV, Jalgaon- 425001, M.S., India.

ABSTRACT

Twenty-four genotypes of a varied geographic and genetic diversity which are cultivated in India were tested against major insect pests and diseases of sesame (Sesamum indicum L.). The infestation of gall fly (Asphondylia sesami Felt) at 50 days after sowing ranged from 1.37 to 51.01 per cent. The infestation of capsule borer (Antigastra catalaunalis  Duponchel) at harvest ranged from 26.02 to 76.70 per cent. The disease intensity of Cercospora leaf spot ranged from 53.33 to 96.67 per cent. None of the genotypes was found to be resistant or tolerant to Cercospora  leaf spot disease. The genotypes OS-15 and OS-5 exhibited a better tolerance to gall fly and capsule borer. However, the highest yield was recorded for RT-238 (763 kg/ha) followed by AT-82 (726 kg/ha).

INTRODUCTION

Sesame is one of the most important oilseed crops in India. The major constraints for sesame production are insect pests and diseases (Vasudeva, 1961). Sesame is infested by a number of insect pests like gall fly (Asphondylia sesami Felt) and leaf roller/capsule borer (Antigastra catalaunalis Duponchel), which predominantly affect it seriously in Kharif. The pests infest all stages of the crop, from seedling stage to harvest. Major losses in yield, estimated in about 10-70 per cent (Singh et al., 1985; Jakhmola and Yadav, 1990), generally appear from flowering to capsule formation. The yield losses due to leaf spot disease have been estimated in about 20 per cent (Kumar and Mishra, 1992). The promising released varieties grown in India were evaluated for their reaction to the pests and diseases at Oilseeds Research Station, Jalgaon in Kharif 1998.

MATERALS AND METHODS

The present investigation was undertaken with 24 different genotypes of sesame obtained from co-ordinating unit of diverse agro-climatic situations in India. The 24 genotypes were sown in Kharif-1998 at Oilseeds Research Station, Jalgaon (India) in randomised block design with three replications. Three rows of 5 m length of each genotype were sown at 30x10 cm spacing. Observations were recorded on five randomly selected plants from each plot. The disease intensity of leaf spot (Cercospora sesami) was recorded a week before harvest.

The healthy and infested buds due to gall fly as well as healthy and infested capsules by capsule borer were considered for the estimation of per cent damage of five plants at 50 and 70 days after sowing, respectively. The per cent infestation was converted into arcsin transformation and the data was subjected to statistical analysis.

RESULTS AND DISCUSSION

The data on mean per cent damage of sesame due to infestation of gall fly and capsule borer and infection of Cercospora leaf spot are presented in Table 1. The differences in per cent damage of sesame due to gall fly, capsule borer and Cercospora leaf spot were found significant. Infestation due to gall fly ranged from 1.37 to 51.01 per cent at 50 days after sowing. The lowest per cent damage was observed in the genotypes OS-15 and OS-5 with 1.37 per cent and 1.61 per cent, respectively.

Table1. Reaction of different sesame genotypes to major insect pests and Cercospora leaf spot

Entries
% infestation of gall fly at 50 DAS
% infestation of capsule borer at 70 DAS
% plant infestation of capsules borers at harvest
% intensity of Cercospora leaf spot at a week before harvest
Grain yield (kg/ha)

NT-14-91
24.52 (29.65)
6.04 (14.16)*
73.07 (59.31)*
53.33 (47.00)*
492

VS-9708
24.35 (29.54)
8.45 (16.70)
41.48 (40.10)
62.66 (51.81)
519

JLSC-87
21.92 (27.82)
7.51 (15.89)
51.44 (45.84)
66.67 (55.77)
414

AT-82
9.10 (17.56)
7.91 (16.33)
62.36 (52.33)
83.33 (66.64)
726

AT-83
48.45 (44.11)
7.70 (16.11)
76.70 (61.79)
83.33 (66.15)
403

PKDS-1
26.90 (31.24)
8.25 (16.69)
48.34 (44.02)
61.67 (51.84)
373

PKDS-4
30.02 (33.24)
5.77 (13.93)
57.26 (49.35)
76.67 (61.22)
95

JTS-113
33.62 (35.46)
10.72 (21.02)
55.29 (48.02)
90.00 (71.56)
339

RT-305
7.69 (15.97)
5.37 (13.22)
57.21 (49.14)
86.67 (68.85)
459

RT-325
42.59 (40.75
13.31 (21.33)
49.14 (44.52)
80.00 (63.93)
264

RT-326
20.79 (27.14)
6.59 (14.81)
51.46 (45.83)
78.67 (61.71)
608

OS. Sel. 24
51.01 (45.59)
10.23 (18.45)
63.03 (52.75)
93.33 (78.71)
527

OS. Sel. 253
34.51 (35.95)
5.56 (13.61)
56.28 (48.71)
93.33 (77.71)
322

JTS-104
46.80 (43.15)
5.09 (12.98)
40.00 (39.11)
76.67 (61.22)
304

JCS-9426
15.42 (23.08)
3.47 (10.71)
49.51 (44.72)
70.00 (57.00)
165

JTS-8
7.06 (15.35)
9.51 (17.90)
38.27 (38.21)
86.67 (68.85)
691

OS-5
1.61 (5.16)
4.18 (11.83)
26.02 (30.64)
96.67 (83.85)
496

OS-15
1.37 (4.73)
3.96 (11.42)
24.58 (29.67)
90.00 (71.56)
328

RT-281
11.02 (19.71)
5.21 (13.11)
40.98 (39.81)
80.00 (63.93)
615

RT-283
13.45 (21.50)
7.35 (15.72)
47.50 (43.57)
86.67 (68.85)
590

RT.238
5.02 (12.86)
5.33 (13.29)
33.92 (35.63)
83.33 (66.64)
763

TC-25(NC)
11.66 (20.07)
5.17 (13.11)
39.82 (39.10)
86.67 (72.78)
583

JLT-26(ZC)
25.83(30.52)
10.52(18.78)
51.31 (45.78)
73.33 (59.00)
708

JLT-7(ZC)
21.91(27.90)
10.58(18.87)
56.07 (48.48)
70.00 (57.00)
672

S. E. ( 
2.34
1.33
4.08
4.40


C.D. at 5%
6.86
3.90
11.92
12.93


C V%
12.47
12.29
12.85
11.73


DAS= Days after sowing                             NC= National Check                            ZC= Zonal Check

* Mean of three replications

* Figures in brackets are arcsin transformed values.

The average infestation of capsule borer at 70 days after sowing ranged from 3.47 to 13.31 per cent. The genotypes JCS-9426 (3.47%), OS-15 (3.96%), OS-5 (4.18%), JTS-104 (5.09%), TC-25 (5.17%), RT-281 (5.21%) and RT-238 (5.33%) presented significantly lower per cent damage than the other genotypes.

At harvest, the genotypes OS-15, OS-5, RT-238, JTS-8, TC-25, JTS-104, RT-281 and VS-9708 were found to have the lowest infestation of capsule borer.

The differences in disease intensity of Cercospora leaf spot among the genotypes were statistically significant. The intensity of Cercospora leaf spot ranged from 53.33 to 96.67 per cent. Minimum disease intensity was recorded on NT-14-91 (53 per cent) and the maximum was found on OS-5 (96.67 per cent).

The genotypes RT-238, AT-82, JLT-26, JTS-8, RT-238, RT-281, JLT-7, TG-25 and RT-283 recorded higher grain yield as compared to the rest of the genotypes.

Among the different sesame genotypes with a comparatively better tolerance to pest and disease, the genotypes RT-238 and RT-281 may be used in further breeding programmes for the development of multiple resistant genotypes.
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HETEROSIS BREEDING IN SAFFLOWER-PRESENT STATUS AND PROBLEMS

Kumar, H.

Department of Genetics and Plant Breeding

Banaras Hindu University, Varanasi-5, India

ABSTRACT

A review is given of the work done, particularly in India, on heterosis breeding in safflower. Only genetic male sterility lines are available in India; cyotoplasmic male sterility (CMS) is available in California (USA). Two GMS-based hybrids (NKH-11 and DSH-129) have been released during 1997-98 for cultivation, with 22 and 30 per cent advantage for seed and oil yield, respectively as compared to the national check A-1. A few more hybrids (MKH-12, PH-3, etc.) are on the way. For hybrid seed production, growing of female and male lines in 3:1 or 5:1 ratios is suggested. Possible yield loss upon growing advanced generation seeds of hybrids is also pointed out. The problems associated with hybrids and their seed production as well as development of CMS lines are also analysed.

INTRODUCTION

India is one of the major safflower producers in the world, contributing to as much as 68 and 60 per cent of the world’s acreage and production, respectively. However, the average productivity of 579 kg/ha and oil content of 30-32% could be considered quite low as compared to the 1300 kg/ha seed yield and 40% seed oil obtained elsewhere. Moreover, present safflower area (6.8 lakh ha) and production (3.96 lakh tonnes) has been reduced by 28 and 25%, respectively as compared to 1985, due to the lack of cultivars with high yield coupled with a better adaptability to various biotic and abiotic stresses. There is little scope for raising the production without disturbing the prevailing cropping systems. To achieve a rapid breakthrough in safflower production, there is an urgent need to recast the breeding methodology so that the hybrid vigour shown by the crop may be exploited commercially. This article deals with the present status and problems of heterosis breeding of safflower in India.

Magnitude of hybrid vigour

Research work has indicated the presence of tremendous potential of hybrids for increasing safflower productivity. Patil et al. (1987), reported in a review a wide range of heterosis for seed yield, from 15 to 270%, and upto 20% for oil content. Ragab and Friedt (1992) noted poor heterosis (15-24%) for oil content and certain fatty acids (oleic and palmitic acids).

Sources of male sterility

Although there is considerable amount of hybrid vigour in safflower, there is yet no proven way to capitalize this vigour on commercial scale owing to the lack of efficient devices for the production of hybrid seed. Although safflower is a selfpollinated crop, the extent of outcrossing is dependent on the mode of anther dehiscence. It is also influenced by genetic differences, environmental factors and the activity of insect pollinators. Karve et al. (1979) noted 75-85% outcrossing in ‘thin hull’ mutant safflower whereas, on an average, outcrossing ranged from 0.19 to 22% (Patil et al., 1987).

Methods to affect cross pollination

The following three ways to affect cross pollination have been suggested to produce hybrid seed:

Controlled cross pollination: This method consists of preventing anther dehiscence of the female flowers by enclosing them in polythene bags and pollinating such flowers with pollen obtained from the male parent (Karve et al., 1979). Seeds produced by this method showed a cross pollination of 70-85% although it lacks practical applicability at the field scale.

Use of structural male sterility: The utilization of thin hull (th th) or the ‘reduced hull’ mutant (Ebert and Knowles, 1966; Urie and Zimmer, 1970), which showed delayed anther dehiscence has been suggested. About 75-85% outcrossing was observed through exploiting ‘thin hull‘ derivatives (Karve et al., 1979). However, because of its undesirable pleiotropic effects on yield components and the appearance of high proportion of parental types in the segregants, it has limited use. Moreover, this system is not always reliable under dry conditions, under which safflower is grown in India, where this mutant usually shows normal anther dehiscence.

Use of functional male sterility: The following types of male sterility have been identified in safflower (Heaton and Knowles, 1982; Kumar, 1991, 1993).

i. Male-female sterility: Carapetian and Knowles (1976) genetically analysed male-female (both sexes) sterile F2 segregants of the cross UC-10 x 57-147 and identified three unlinked nuclear genes responsible for sterility, which were shown to have irregular chromosome behaviour in meiosis.

ii. Male sterility: The male sterility sources reported by Pillai (1978), Heaton and Knowles (1982) and Johsi et al. (1983) offer some promise. Pillai (1978) isolated three cytomorphologically distinc, 100% pollen sterile mutants from the selfed progeny of a translocation heterozygote induced by gamma-ray in the cultivar IC 11842. Cytologically, the mutants were more or less similar to one reported by Carapetian and Rupert (1977), though both sexes were affected in the latter case.

ii.a. Recessive genetic male sterility: Heaton and Knowles (1982) isolated two genic-male sterility lines, UC-148 (in the progeny of colchicine-treated line PI 253914 from Afghanistan) and UC-149 (from the cross UC-148 x PI 34008), which are controlled by a recessive gene without any pleiotropic effect.

ii.b. Dominant genetic male sterility: Joshi et al. (1983) reported a monogenic dominant gene controlling male sterility, which was induced by gamma rays treatment (10 kR) of cultivar BS 369. Plants carrying the dominant male sterility gene also have a red dot at the tip of staminal column, which makes their identification easy in segregating populations.

ii.c. New dwarf male sterility: Researches at NARI, Phaltan (India) led to the isolation of two genetically controlled dwarf male sterile lines, namely DMS-H-5-1 and DMS- N-11-1. They gave nearly the same yield as that of the fertile checks identified for exploitation of hybrid vigour (Anonymous, 1996).

Self incompatibility:  Imrie (1969) identified sporophytic self-incompatibility in Carthamus flavescens. This mechanism could perhaps open up new possibilities to change the mating system of domesticated safflower through interspecific hybridization, for its exploitation in either hybrid breeding or population improvement.

Cytoplasmic male sterility: Hill (1989) described a CMS-based hybrid that gave 42% oil in California (USA) with a 25-35% yield advantage over the best varieties. The method for developing the CMS line consisted of a series of backcrosses using a wild species as female and C. tinctorius varieties, restorers of CMS, as recurrent male. The A-line (CMS) had smooth leaves, full seed set on uncovered heads and no anthers. The B-line (B-34, maintainer) plants were selected for smooth lower leaves. Single pollination on the selected female (A-line) gave up to 42 seeds per head. The A-line (maintained by B-34), pollinated by R-65 (Restorer), gave hybrids with 37% oil.

DESCRIPTION OF USE OF GENIC MALE STERILITY (GMS) IN HYBRID PRODUCTION:

The approaches for using both the recessive and dominant monogenically inherited sterility are summarised below:

i. Recessive genetic male sterility: In this case, the male sterile parent is maintained by crossing it with a male fertile (heterozygote); male fertile heterozygotes are produced by crossing male sterile (ms ms) with fertile plants (Ms Ms). In this way, half of the progeny of the cross (ms ms x Ms ms) will be sterile and the other half (heterozygote-Ms ms) will give fertile plants. In making hybrids, the female (male sterile) line is planted in alternate rows with the desired male parent (Ms Ms). The fertile plants (Ms ms) in the female rows are rouged when recognized. This method has problems, such as (a) twice as many plants have to raised, (b) removal of fertile plants (Ms ms) in crossing block requires a large labour input and (c) if any fertile plant is not removed there is risk that some of the females will be fertilized leading to a reduction in heterosis and a loss of uniformity in the commercial seed.

ii. Dominant genic male sterility: Dominat genic male sterility is always maintained in heterozygous condition (Ms ms) and progeny of the cross (male sterile-Ms ms x male fertile-ms ms) will always segregate in 1:1 (sterile:fertile). As the progeny of the dominant male sterile plants always segregate for the dominant male sterility allele, there would be approximately 50% male sterile plants in the commercial crop of hybrid. Unless normal seed setting is obtained on these male sterile plants (Ms ms), heterosis cant not be exploited commercially.

DEVELOPMENT OF HYBRIDS OF SAFFLOWER

Evaluation of different genic male sterility systems for their utilization in hybrid development and conversion is in progress at many research centres (Fhalthan, Annigeri, Jalgaon, Jalana and DOR, Hyderabad) in India. Some centres have successfully incorporated the male sterility in diverse genetic backgrounds; hybrids were produced and tested in All India Coordinated Trials. The results are very encouraging and rewarding.

Hybrids of safflower for farmers: Two safflower hybrids, DSH-129 (MS 9 (0) x A-1; from DOR, Hyderabad) and MKH-11 (from Mahyco, Jalana ) were identified and released for commercial cultivation during 1997-98 in all safflower growing regions of India (Anonymous, 1998). These two hybrids, based on GMS, have the potential to provide 22% higher seed yield and 30% higher seed oil than the check A-1. Moreover, in AV/HT (Table 1) during 1995-96, they showed superiority over the A-1 by 20-25% seed yield and 26-45% oil yield.

Table 1. Performance of two safflower hybrids (released for cultivation) in Advance Varietal/ Hybrid Trial (AV/HT) during 1995-96 under AICORPO *, **

Entry
Seed yield (kg/ ha)
Oil yield (kg/ ha)
Pedigree


Zone I
Zone II
Mean
Zone I
Zone II
Mean


MKH-11
1513
1590
1551 (25.3)
427
587
507 (44.8)
-

DSH-129
1683
1300
1492 (20.5)
477
407
442 (26.3)
MS 9(0) x A-1

A-1 (National Check)
1307
1169
1238
375
324
350


Local (Best Check)
1314
1353
1333
383
-
383


* Data based on Annual Progress Report on Safflower (1995-96), DOR, Hyderabad

** Values given in parentheses relate to per cent increase over the national check A-1

A few promising hybrids on the way: Among others, four hybrids based on GMS deserve mention (Table 2). Hybrids MKH-12 and PH-3 gave more than 13% seed yield and 27% oil yield over the national check A-1 in AV/HT during 1997-98. Performance of these two hybrids was also remarkable when compared with the best local checks.

Table 2. Performance of certain safflower hybrids in AV/HT during (1997-98) under AICORPO *, **

Entry
Seed yield (kg/ha)
Oil Yield (kg/ha)
Pedigree

AV/HT – II





MKH-12
1453 (18.7)
431 (31.4)
MS 5008 x MK 8080

DSH – 126
1278 (4.4)
361 (10.1)
MS-2 (6) x A-1

A-1 (N. Chech)
1224
328


Local check
1226
367


AV/HT I





PH-3
1369 (13.4)
403 (27.5)
MSN-3-8 x C 2829-1-2

DSH-143
1218 (1.0)
365 (15.5)
MS-17(Y) x VB-9-3

A-1 (N. Check)
1207
316


Local Check 
1051
307


* Data based on Annual Progress Report on Safflower (1995-96), DOR, Hyderabad

** Values given in parentheses relate to per cent increase over the national check A-1

COMERCIAL SEED PRODUCTION IN HYBRIDS

The successful popularisation of hybrids depends upon the easy and economical availability of the hybrid seeds to the farmers. Seed production in hybrids (based on GMS) has many problems, such as the removal of male fertile plants from the female rows well in time, poor seed setting on the female plants and the presence of inadequate bees population during the flowering, which hampers good seed setting. Fortunately, male sterile plants are generally characterized by small head size, shortened corolla, low extrusion of stigma and lack of pollen in the anthers. These characters help in removal of male fertile plants from female lines. At the initiation of the opening of the first flower of each plant in the female rows, the male fertile plants have to be eliminated.

Hybrid seed production should be done in isolation; the isolation distance should be at least 500 m. Raghavaiah and Ajani (2000) studied the different row proportions of females to males (2:1, 3:1, 4:1 and 5:1) in seed production of safflower hybrids (DSH-129 and DSH-130). They found that 5:1 (MS: MF) ratio provided high seed yield of DSH-129 hybrid (537 kg/ha), while a 3:1 row ratio was good for the DSH-130 hybrid (199 kg/ha). The differential behaviour of male sterile lines in hybrid seed production could be attributed to the per se performance of individual male sterile lines and their combining ability with the pollen sources. For better hybrid seed production, both male and female rows should be sown on the same date following the optimum agronomic management.

POSSIBLE YIELD LOSS UPON GROWING ADVANCED GENERATION SEED OF HYBRIDS

It is a basic requirement with the hybrids that the farmers use the fresh hybrid seed each year to get full advantage of heterosis. But, if the F2 seeds (seeds harvested from the hybrids) are used, then there will be loss in seed yield mainly due to two factors: (a) inbreeding depression and (b) occurrence of 25% male sterile plants in case of hybrids based on GMS (recessive gene controlled). In general, inbreeding depression range from 4-40% for many traits in safflower.

PROBLEMS ASSOCIATED WITH HYBRIDS

Although we have been able to develop two commercial hybrids in 1997-98, they have still not gone to the farmer’s field mainly due to the unavailability of adequate hybrid seeds. The seed production technique has to be made more viable and economical. Secondly, there is great loss of yield when using the F2 seed (seeds from the hybrid crop). Moreover, the present-day hybrids also lack wide adaptability; their performance appears to be location specific. Thus, the development of hybrids should consider the combining ability of the male parents keeping in view the location specific problems. Further, these hybrids are no better than conventional cultivars in their reaction to either biotic or abiotic stresses.

Removal of male fertile plants from the female rows at an early stage is required, which is only possible when some marker gene (particularly seedling markers) linked with male sterility is identified. To cope up with the problems of exploiting genic-based male sterility, the breeding programmes will have to be reorientated towards identifying sources of CMS. The substitution of cultivated genome into the cytoplasmic background of a wide range of diploids and polyploids, which might pave the way for the development of CMS, is the research work for the future.

REFERENCES

Anonymous. 1996. Annual Progress Report on Safflower (1995-96), DOR, Hyderabad, India.

Anonymous. 1998. Annual Progress Report on Safflower (1997-98); DOR Hyderabad, India.

Carapetian, J. and P.F. Knowles. 1976. Inheritance of genic sterility in cultivated safflower. Crop Sci., 16: 395-399.

Carapetian, J. and E.A. Rupert. 1997. Meiotic irregularities caused by interacting sterility genes in cultivated safflower (Carthamus tinctorius L.). Can. J. Genet. Cytol., 19:103-109.

Ebert, W.W. and P.F. Knowles. 1966. Inheritance of pericarp types, sterility and dwarfness in several safflower crosses. Crop Sci., 6: 579-582.

Heaton, T.C. and P. F. Knowles. 1982. Inheritance of male sterility in safflower. Crop Sci., 22: 520-522.

Hill, A.B., 989. Hybrid safflower breeding. Proceedings of the 2nd International Safflower Conference, Hyderabad, India, Jan. 9-13, 1989, pp. 69-170.

Imrie, B.C. 1969. The genetics of self-incompatibility in Carthamus tinctorius Spreng. Proc. Third Safflower Research Conf., May 7-8, 1969 Davis, California, pp. 56-57.

Joshi, B. M., Y. S. Nerker and N. D. Jambhale. 1983. Induced male sterility in safflower. J. Maharashtra Agric. University, 8: 194-196.

Karve, A. D., A. K. Deshmulkh and D. V. Nagvekar. 1979. Hybrid safflower. Paper presented during AICORPO Annual Workshop of Rabi Oilseeds (1978-79), DOR, Hyderabad, India.

Kumar, H. 1991. Cytogenetics of Safflower. In: T. Tsuchiya and P. K. Gupta (Eds.) Chromosome Engineering in Plants: Genetics, Breeding, Evolution. Part. B. Elsevier Science Publishers, B. V., 1991, The Netherlands, pp. 251-277.

Kumar, H. 1993. Current trends in breeding researches for enhancing productivity of safflower in India . Sesame and Safflower Newsl., 8: 70-73.

Patil, P. S., A. B. Deokar and B. K. Katule. 1987 Safflower-Breeding (Eds P. S. Patil et al.), Mathama Phule Agril. Univ., Solapur (Zonal Research Station), Maharashtra, India, pp. 7-60.

Pillai, R. S. N. 1978. Cytogenetic Studies in Safflower (Carthamus tinctorius L.), Ph. D. Thesis, Banras Hindu University, Varanasi, India

Ragab, A.I. and W. Friedt. 1992. Heterosis and inbreeding depression for oil content and fatty acid composition in safflower (Carthamus tinctorius L.). Sesame and Safflower Newsl., 7: 49-54.

Raghavaiah C.V. and K. Anjani. 2000. Influence of the ratio of male sterile to male fertile parents on hybrid seed production of safflower (Carthamus tinctorius L.). Sesame and Safflower Newsl., 15: 83-85.

Urie, A. L. and D. E. Zimmer. 1970. A reduced hull seed character of safflower. Crop Sci., 10: 371-372.

FERTILITY IMPROVEMENT IN AUTOTETRAPLOIDS OF SAFFLOWER: SELECTION FOR SEED SET
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ABSTRACT

Selection for seed set resulted in a gradual shift in seed fertility of autotetraploids, though the magnitude and nature of the improvement depended on the genotype and generation. A selection for high and low fertility, measured as seeds per capitulum, was made within four cultivars. Non selected autotetraploid seeds from each cultivar were used as check. The number of seeds per capitulum in the high and low fertility groups ranged from 10.13 to 13.24 and 4.66 to 9.66, respectively compared with 7.60 to 11.17 in the check for cultivar T65; from 9.35 to 13.63 and 5.21 to 9.77 compared with 7.42 to 11.29 in the check for cultivar HUS304; from 9.43 to 12.52 and 4.55 to 8.84 compared with 7.20 to 10.64 for cultivar BLY 642; from 9.71 to 13.87 and 5.73 to 9.53, respectively compared with 8.37 to 11.31 in the check for cultivar HUS 260.

INTRODUCTION

Reduced fertility is an inherent drawback of induced autotetraploids of grain crops, which has been attributed to meiotic abnormalities and physio-genetic imbalance. The selection for seed set in subsequent generations of autotetraploids has resulted in fertility improvement in certain crop plants (Hossain and Moore, 1975; Kumar et al., 1993; Venkateswarlu and Rao, 1976). However, there are contradictory reports about the effectiveness of selection for seed set in relation to fertility improvement. The present report deals with the response to initial selection for seed set and its impact on seed yield in autotetraploids of four genotypes of safflower (Carthamus tinctorius L.).

MATERIALS AND METHODS

Colchicine-induced autotetraploids of four genotypes of safflower, namely T 65, HUS 304, BLY 642 and HUS 260 were used (Yadava and Kumar, 1990). Three fertility groups were constituted within each cultivar out of 20 randomly selected plants (C1). Each group was formed with seeds of 4-5 plants having a similar level of seed set. Number of seeds per capitulum was used as an index of seed fertility. Simultaneously, an unselected group representing autotetraploids, referred hereafter as check, was also constituted in all the four cultivars.

In the C2 generation, 20 plants were chosen in each of the two groups and the check. Two seeds from each plant were drawn at random and bulked to make 40 seeds in each group. The C3 generation was raised in the field following usual agronomic practices. Data on seeds per capitulum and seed yield (only in C3 generation) were recorded on 20 randomly selected plants of each group in both C1 and C3 generations and statistically analysed.

RESULTS AND DISCUSSION

The number of seeds per capitulum in the high and low fertility groups ranged from 10.13 to 13.24 and 4.66 to 9.66, respectively compared with 7.60 to 11.17 in the check for cultivar T65; from 9.35 to 13.63 and 5.21 to 9.77 compared with 7.42 to 11.29 in the check for cultivar HUS304; from 9.43 to 12.52 and 4.55 to 8.84 compared with 7.20 to 10.64 for cultivar BLY 642; from 9.71 to 13.87 and 5.73 to 9.53, respectively compared with 8.37 to 11.31 in the check for cultivar HUS 260.

It has been often observed that a slight variation exists between various autotetraploids derived from a single diploid genotype after colchicine treatment. This genotype-specific variation is also reflected in the seed set, which has been exploited in the improvement of this traits from C1 to C3 in raw autotetraploids of safflower (Schank and Knowles, 1961), berseem (Mehta et al., 1963) and pea (Kumar et al., 1993). In the present study, two fertility groups were constituted in C1 generation to speed up the process of improvement. The response of this initial selection was assessed in the subsequent generations in different genotypes. No selection was followed in C2 and data were recorded on randomly selected plants. Thus, the shift mean seed set in different groups should be considered here as an effect of preliminary selection in C1 as also indicated in pea by Kumar et al (1993). Similar procedures were also followed by several workers (Sacharov et al., 1944; Parthasarthy and Rajan, 1953; Hilpert, 1957; Asstveit, 1968; Crowly and Rees, 1968; Venkateswarlu and Rao, 1976; Kumar et al., 1993).

Hosain and Moore (1975) and Kumar et al. (1993) also found increased seed set in populations initially selected for high seed set and significantly lower seed set in populations initially selected for low seed set as compared to unselected populations. Conversely, Jones (1952) concluded that it was not possible to improve the fertility of tetraploid rice lines by selection.

The present observations have clearly demonstrated the effectiveness of selection for seed set even in the initial stage for improving the fertility. Varietal differences with regard to response to selection indicated that selection of the material at the diploid level would be of considerable importance, as it has also been suggested by Ellerstron (1969) and Kumar et al. (1993).
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Table 1. Effectiveness of selection for seed set in improving autotetraploids of four diverse cultivars of safflower

Fertility group
C1 - generation
C3 - generation
Shift (%) in mean over C3 general


Seeds/ Cap
Seed/yield (g)
Seeds/ Cap
Seed/yield (g)
Seeds/ Cap
Seed/yield (g)

Cultivar T65







General
7.60
4.30
11.17
8.75
-
-




(10.0-11.9)
(5.4-10.6)






46.9




High
10.13
-
13.24
11.21
18.50
28.11




(12.6-13.7)
(7.8-15.6)






30.7




Low

-
9.66
5.21
-13.52
-32.57




(8.7-11.5)
(3.2-6.9)






107.30




Cultivar HUS 304






General
7.42
3.95
11.79
8.70
-
-




(11.2-12.1)
(5.2-10.4)






58.9




High
9.35
-
13.63







(12.9-14.4)
(9.1-15.8)
15.61
37.93




45.78




Low
5.21
-
9.77
5.34
-17.13
-38.62




(8.6-10.9)
(3.9-6.8)






87.5




Cultivar BLY 642






General
8.80
8.80
10.64
9.10-
-
-




(9.0-11.6)
(6.1-10.8)






47.8




High
9.43
-
12.52
11.26
17.67
23.74




(11.6-13.4)
(8.6-15.9)






32.8




Low
4.55
-
8.84
6.14






(6.9-10.4)
(4.1-7.4)
-16.92
-32.52




94.3




Cultivar HUS 260






General
8.37
3.75
11.31
8.21
-
-




(9.6-12.4)
(5.4-9.9)






35.1




High
9.71
-
13.87
10.20
22.63
24.24




(12.4-14.9)
(8.1-15.2)






42.8




Low
5.73
-
9.53
5.50
-15.74
-33.07




(8.2-10.6)
(4.2-7.5)






66.3




* Values given in parenthesis relate to range

** Upper, middle and lower values relate to mean, range and per cent shift in mean of C3 over C1
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ENHANCEMENT OF MALE STERILITY IN SAFFLOWER BY GROWTH REGULATORS AND CHEMICALS
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ABSTRACT

Safflower hybrid DSH 129 was produced by utilizing the genetic male sterility (GMS) system. However, the problem encountered in seed production using this system is the segregation of the GMS line, MS 9(O) into 50% male sterile and 50% male fertile. This increased the cost of seed production of safflower hybrid. As the CMS source is not available, the existing GMS system can be improved by the physiological manipulation of sterility. Therefore, a field experiment was conducted to increase male sterility by using different concentrations of the growth regulators gibberellic acid (GA; 50, 100, 150, 200 and 300 ppm) and ethylene (0.1, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0 and 4.0% v/v), and the chemicals NaCl (0.5, 1, 2, 4, 6 and 8%) and maleic hydrazide (MH; 0.1, 0.2 and 0.3% v/v). These growth regulators and chemicals were sprayed on the crop at uninucleate stage (85 DAS) for two consecutive days. Except GA, other chemicals and growth regulators tried were not effective in enhancing male sterility. Of all the concentrations of GA, 300 ppm showed maximum sterility (95%), but the plants became tall and lanky. Therefore lower concentrations ranging from 5 to 50 ppm were given at the same stage. Among these, GA 40 ppm recorded the highest sterility (85%) without altering the plant form. However, the low seed set with GA spray indicated that GA induced female sterility too. 

Key Words: Safflower, gibberellic acid, ethylene, maleic hydrazide, NaCl, male sterility.

INTRODUCTION

Safflower has gained importance in the recent past due to its oil rich in polyunsaturated fatty acids (PUFA) content which reduces blood cholesterol level. Though India has been a major contributor of safflower, there has been no leap in productivity at any time mainly due to the failure of varietal improvement after the release  of the line A-1 in 1969. This has prompted safflower workers to look for alternative means of improvement. Following the report of high degree of heterosis for seed yield (Ramachandram and Goud, 1984; Narkhade and Patil, 1987) efforts were diverted towards developing hybrids. The recessive male sterility reported by Heaton and Knowles (1980) and the dominant male sterility reported by Joshi et al. (1983), offered a feasible approach for hybrid seed production in safflower. The hybrid DSH 129 was developed by utilizing recessive genetic male sterility (Anjani, 1997). However, the problem encountered in seed production was the segregation of the male sterile parent (MS 9) into 50% fertile and 50% sterile. Roughing of these fertile plants in the hybrid seed production field increases the cost of seed production. Therefore, an attempt was made to manipulate male sterility with the use of GA, ethylene, MH and NaCl, as they are known to influence male sterility in a number of crops (Van Der Meer and Van Bennekom, 1973; Hansen et al., 1976; Koves et al., 1978; Manjula and Ibrahim,1999).

MATERIALS AND METHODS

MS 9, the female parent of DSH-129 hybrid was sown on 16th September and 15th October, 1999 on alfisols of DOR farm, Hyderabad, India with row to row spacing of 45 cm and plant to plant spacing of 20 cm. The crop received recommended doses of 40-40-20 kg of N-P-K per hectare, where N was applied in two splits. Irrigation was given as and when required.

Different concentrations of gibberellic acid (50, 100, 150, 200 and 300 ppm), ethylene (0.1, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0 and 4.0% v/v), NaCl (0.5, 1, 2, 4, 6 and 8%) and maleic hydrazide (0.1, 0.2 and 0.3% v/v) were sprayed on the 16th September-sown crop at uninucleate stage (85 DAS) for two consecutive days. Each concentration was tried on 60 plants and the unsprayed plants were used as control. As the assayed concentrations of GA altered plant morphology, lower concentrations (5, 10, 20, 30, 40 and 50 ppm) were tried on the 15th October-sown crop. As a check, GA was also sprayed on A-1, the male parent of DSH129. 
RESULTS AND DISCUSSION

Except GA, other chemicals and growth regulators tried were not effective in influencing male sterility and hence only the data from the GA treatments are presented in this paper.

Both male sterile and fertile plants looked alike and the difference could only be noticed after flower opening. Sterility percentage in control plants differed between the sowings, which indicates that this character is influenced by the environment. Sterility decreased with delay in sowing from September to October. Anjani (2000) also made a similar observation wherein further delay in sowing until December 15th reduced sterility to as low as 25%. One spray of GA at pre-flowering stage induced sterility even in late-formed capitula. Of all the concentrations of GA, 300 ppm was the most effective with 95% sterility (30% increase over control) followed by 100 ppm with 94% (Table 1). Induction of  male sterility by GA has been reported in other crops (Van Der Meer and Van Bennekom, 1973; Hansen et al. 1976). However, the higher concentrations (100 ppm and over) of GA caused elongation of stems and capitula, giving the GA-treated plant a lanky appearance. 

Table 1. Effect of gibberellic acid on male sterility in safflower

Treatment
%MS
% Increase over control
Seed yield/pl

MS  (g)
Seed yield/pl

MF (g)

Date of sowing: 16th September, 1999

Control
65
0
21.2
25.2

GA 50 ppm
73
7
20.2
3.0

GA 100 ppm
94
29
0.7
0.0

GA 150 ppm
80
15
0.0
0.4

GA 200 ppm
92
27
0.0
0.0

GA 300 ppm
95
30
0.0
0.0

Date of sowing: 15th October, 1999

Control
32
0.0
31.0
34.0

GA 5 ppm
53
21
7.0
10.1

GA 10 ppm
53
21
5.7
9.5

GA 20 ppm
71
39
0.3
2.9

GA 30 ppm
69
37
1.0
0.2

GA 40 ppm
85
53
1.1
0.5

GA 50 ppm
47
15
1.2
0.4

Therefore, lower concentrations of GA were tried on the 15th October-sown crop. GA at 40 ppm caused 53% increase in sterility over control. In both the sowings, seed recovery from both male fertile or sterile plants was negligible (Table 1). The A-1 plants that received the same concentrations of GA as that of MS 9 also failed to produce any seed in either of the sowings (data not given). This clearly indicated that in safflower, though GA was effective in enhancing male sterility, it simultaneously affected female fertility too. Manjula and Ibrahim (1999) also reported similar results in rice. Until a viable CMS system is developed, additional efforts on the identification of suitable chemical manipulators of male sterility could be an alternative means.  
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ABSTRACT 

The paper attempts to analyze the future scenario of safflower in India and provides strategies to enhance its production. The historic data obtained from secondary sources was analyzed using statistical forecasting tools. The quantitative data is supplemented with qualitative assessment based on opinions of oilseed experts through brainstorming and Delphi methods. The forecast indicates that average production of safflower will increase from the present 0.42 mt to about 0.48 mt by 2010 AD. The crop will be grown under sub-optimal conditions. 

Slow results of dryland research, uncertain weather, low yields, lack of access to germplasm and a lack of appreciation for basic research were some major deterrents identified. Sunflower and gram will be the major competing crops for safflower. Production of an adequate quantity of quality seeds of new varieties/hybrids will continue to be a major constraint, as the public sector will not be able to meet the quality seed requirement and the private sector may not evince interest in seed production. However, about one fourth of the hybrids in use by 2010 AD may come from the private sector. 

Some major challenges for safflower research and development identified through the work are as follows: development of cytoplasmic male sterility-based hybrids which can be commercially exploited; identification of seedling markers in GMS-based hybrids; developing pest-resistant varieties/hybrids; establishing strong seed production chain to ensure adequate production of quality seeds; and development of value added products from safflower. 

Strategies for increasing the production of the crop have been identified. Policy to focus basic research on safflower in rainfed areas is considered critical to sustain the growth of safflower production in India. 
INTRODUCTION

Safflower (Carthamus tinctorius L.) is grown mostly in black soils in southern (deccan) plateau region of India during the post rainy (Rabi) season, primarily as a rainfed oilseed crop. It is often grown as a mixture with wheat, barley, gram and sorghum and, as a pure crop, it is rotated with wheat, gram, cotton and post rainy sorghum. Being drought hardy, safflower responds well to moisture, nutrients and management practices even in dryland cultivation. While the world production of safflower went up from 6.2 lakh tonnes in 1991 to 9.5 lakh tonnes in 1998 because of an increase in productivity from 535 to 845 kg/ha, the area under its cultivation in the world is  now on decline (FAO, 2000).

India became self-sufficient in edible oils by 1991 as a result of launching a technology mission on oilseeds in 1986 (Prasad et al. 1994) by the national government. The enhanced oilseed production came largely from rapeseed and mustard, soybean and sunflower (Virupakshappa and Kiresur, 1997; Rama Rao et al. 2000). However, amongst different oilseed crops, safflower could not register significant gains, and the area and production under this crop has not shown an adequate growth rate, with the yield levels becoming stagnant (Singh et al, 1997; Paroda, 2000). Our studies based on simple statistical analysis of secondary data could not provide adequate answers to understand this situation. In an effort to provide plausible answers, it was found necessary to analyze the safflower system in a holistic manner.  
The future of a commodity not only depends on the need for the commodity, but also on other competing crops or choices available to farmers, socio‑economic factors, consumer habits, state policies, trade and private sector role. In-depth analysis of such a system would have to integrate quantitative with qualitative information. In such a scenario, the future projections need to integrate statistical (historic) data with qualitative information. Systems approach coupled with technological forecasting provides a means to achieve this. This study is aimed to fulfil this need so as to identify the constraints and potentials of safflower in the future, i.e., by 2010 AD.

METHODOLOGY

The data were collected from a range of primary and secondary sources.  The primary data was collected with the help of oilseed experts across the country. Secondary data on oilseeds was collected from GOI (1999), CMIE (2000), Damodaram and Hegde (2000), and FAO (2000). 
The key issues for quantitative and qualitative information were identified through brainstorming session and discussions with experts. The issues comprised various aspects of oilseeds such as cultivation, research and development, seeds, marketing, consumption, alternative uses, processing, food habits, trade, and state policies.  

A blend of forecasting techniques was used to integrate qualitative and quantitative information in making the forecasts. The forecasts were based on the statistical analysis of secondary data for trend and growth (Makridakis, 1983) in conjunction with brainstorming and Delphi methods (Rohtagi et al. 1979; Martino, 1991). 

RESULTS AND DISCUSSION

During 1996-98 India had 63.2 per cent of the world acreage of safflower, and accounted for 43.9 per cent of the world production seed yield was 69.4 per cent of the average world yield (Fig. 1).
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Fig. 1. India's share in global safflower area, 

production and yield during 1996-98

In India, safflower occupies the seventh place in the area dedicated to oilseeds. Nearly 99 per cent of the area under the crop is located in the southern plateau. The share of safflower to total oilseeds area and production in India are given in Table 1. Though safflower area was about 2.7 per cent of total oilseed area in 1990-93, the production share was only 1.5 per cent. In addition to this, the area declined from 2.7 per cent in 1990-93 to 2.6 per cent in 1995-98, while the production declined from 1.5 to 1.4 per cent during the same period. 
Table 1. Share of safflower to total oilseeds area and production in India

Year
Total oilseeds*
Per cent share of safflower in total oilseeds


Area (million hectares)
Production (million tonnes)
Area
Production

1990-93
25.1
19.1
2.7
1.5

1995-98
26.2
22.8
2.6
1.4

* Three-year average

The trends in area, production and yield of safflower in India from 1977 to 1997 are presented in Fig. 2. The changes in area and production of safflower are discussed below.
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 Fig. 2. Trends in area, production and yield of safflower crop in India (1977-97)
Growth 

The data in Fig. 2 indicates that there has been significant changes in the area, production and yield of safflower in India before and after 1987. Hence, the data was analyzed accordingly for growth for the two periods, i.e. 1977-87 and 1987-97. The compound annual growth rates of area, production and productivity of safflower (Table 2) show that there was a sharp fall in the growth rate in the decade 1987-97. Growth rates in 1977-87 for both area (2.51%) and production (2.48%) decelerated to negative growth rates (–2.61% and –1.31%, respectively) in the decade 1987-97. Growth rate for yield also declined, from 1.91 per cent in 1977-87 to -0.28 percent in 1987-97.

Table 2. Compound annual growth rates of area, production and yield of safflower

Period
Compound annual growth rate (%)


Area
Production
Yield

1977-87
2.51
2.48
1.91

1987-97
-2.61
-1.31
-0.28

Incidentally, the technology mission on oilseeds (initiated in 1986) yielded significant gains in certain oilseed crops like rapeseed and mustard, soybean and sunflower. Apparently, the mission could not achieve the same results in the case of safflower.

Exploitable yield  

The research claims on safflower yield (productivity) is not in concordance with the real farm situation. Though the mean realizable yield with improved technology is 1349 kg/ha, the national average yield during 1995-97 was 584 kg/ha (Table 3). Thus the realizable yield gap was 765 kg/ha, accounting for 131 per cent of the realizable yield. 

Table-3: Exploitable yield reservoir in safflower 

Mean realizable yield with improved technology (kg/ha)
1349

National average yield  (1995-97) (kg/ha)
584

Realizable yield gap (kg/ha)
765 (131%)

Years to achieve realizable yield
50

Time to achieve the realizable yield was obtained by using growth model forecasting as illustrated in Fig.3.
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Fig. 3. Growth model for realizable yield

At the present pace of efforts and growth of this crop, it will take about 50 years to achieve the realizable yield. This is a challenge for the development agencies to look forward for the ways and means to exploit the yield potential in this crop. Disparities between realizable and actual yields of safflower have thus been recognized, and there is abundant scope for tapping the unexploited potential of this crop.

Quality seed 

Availability of quality seed is the most important criterium for the sustainable production of a crop. In case of safflower, the quantity of seed required in the country during 1995-96 was about 10,500 tonnes (at 15 kg/ha), against the actual availability of 1500 tonnes (Table 4). Thus only 14.3 per cent of total seed needed for use was available from the domestic system. Since availability of hybrids in India is still scarce, growers can multiply and use quality seed of improved varieties for 4 to 5 seasons by traditional growing methods. Under this scenario also, there will be about a 30 per cent shortage of quality seed. 

Table 4. Seed need and availability during 1995-96 in India

Seed rate 
15 Kg/ha

Seed needed 
10500 tonnes

Seed production 
1500 tonnes

Seed availability 
14.3 %

The production of adequate amount of seeds of new varieties/hybrids will continue to be a major constraint, as the public sector will not be able to meet the quality seed requirement and the private sector will not evince much interest in seed production of varieties as it is economically not attractive. By 2010 AD, it is forecasted that about 25 per cent of the hybrids in use will come from the private sector.

Price

The government support price provides assurance for a market risk. However, growers feel that the support price is not remunerative. The difference in price of safflower seed in one leading market, Beed in Maharashtra, and the prevailing government support price is shown in Fig. 4. The government support price gradually rose from Rs. 400/quintal in 1985-86 to Rs. 910/quintal in 1997-98 (at present one US$ equals 46 Indian rupees). On the other hand, the open market price showed wild fluctuations from year to year, ranging from - Rs 320/quintal to +20 Rs./quintal. The support price was lower than the open market price in most years. 
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Fig. 4. Price fluctuation of safflower seed

Low market prices have fuelled the domestic consumption of edible oils in India (World Bank, 1997). Besides, the year to year fluctuations in the prices has not encouraged the growers. From an international perspective, the average world export price of safflower of 436 US$ per tonne during 1996-98 (FAO, 2000) was much higher than the open market price in India during the same period. Creating better remunerative price would perhaps be necessary for sustaining the growers’ interest in safflower.

High yielding varieties / hybrids

The number of safflower varieties/hybrids released during 1976-2000 is depicted in Fig. 5. During the last 25 years, only 16 improved cultivars/hybrids have been developed in safflower. 
Considering the diversity of agro-climatic zones in the country and the need for location-specific high-yielding varieties, the number of new varieties generated by the research system is rather low. The number of varieties released does not show any impact of the technology mission program initiated in 1986. This low number of new varieties released may also have contributed to the productivity plateau and dwindling acreage of the crop.
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It is noteworthy the release of two hybrids in 1997, for the first time in the country (Damodaram and Hegde, 2000). This sets up a new era in safflower cultivation in India.

Fig.5. Varieties and hybrids released in safflower (1976-2000)
The research system needs considerable time to develop specific varieties for commercial exploitation. The relation between yield and spineless has already been reversed. In some experimental safflower hybrids, non-spiny hybrids are as high yielding as spiny hybrids. The predicted time to evolve spineless safflower varieties would be 5 years. Major research breakthroughs that are possible in the next decade are the identification of cytoplasmic/genetic male sterility system and the standardization of hybrid seed production technology. Some of these technologies can also be patented.

Publications 

Research results are generally disseminated through publications, which are good a measure of research efforts. Since varietal release is a long drawn-out process and depends on resources, the number of publications is another means to reflect the research output.

An analysis of the average number of scientists working in the national agricultural research system on safflower during 1985-97 and publications for two representative biennial periods, i.e. 1989-91 and 1997-99 shows a weak proportion between number of scientists and number of papers published (Table 5). Though there are satisfactory numbers of scientists working in safflower research over long period, the small amount of papers per scientist per year of 0.11 is of concern. 

Table 5. Research publications in safflower 

Number of scientists during 1985-97 
Papers published 

during 1989-91 and 1997-99

Per cent basic papers


Total papers
Papers per scientist per year


40
18
0.11
28

The proportion of basic research publications reflects the inherent strengths of the knowledge in the research system. Out of 18 papers published during the period, only 28 per cent (five papers) are of basic research. This is inadequate and perhaps responds to the low number of varieties being released over the time. Concerted efforts are needed bridge this gap.

Dryland research  

The research contribution has enabled the increase in the production of crops like rapeseed and soybean. However, there have not been many major breakthroughs in evolving suitable varieties for dryland agriculture and the scientists are not optimistic about this. The reasons for their apprehensions in the order of their importance are:

Factors affecting dryland oilseed research
Rank

Slow results of the dryland research

Insufficient resources

Uncertain rainfall

Lack of access to germplasm

Lack of appreciation for basic research

Lack of interest in researchers 
1

2

3

4

5

6

Since safflower is largely grown under rainfed conditions, the future breakthrough depends on dryland research. Without a proactive approach by the policy makers, planners and researchers the situation is unlikely to change.

Technology transfer 

Research has shown that safflower raised as a sole crop is more productive and remunerative than most of the rainfed post rainy (rabi) crops. In dry lands, reducing traditionally low yielding crops in favor of safflower will improve the farm and oilseed economy. Such cropping patterns evolved through research call for early adoption in key areas. Thus, the importance of technology transfer is paramount for better response by growers to adoption of safflower.

The sub-systems associated with oilseeds that are likely to have more impact on the overall oilseed situation by 2010 AD in the order of importance are: 

Important subsystems influencing oilseeds 
Rank

· Technology transfer (Development)

· Research and education

· Marketing and trade 

· Processing
1

2

3

4

Even if there are breakthroughs from the research system, their transfer to farmers will be of paramount importance to exploit the yield potential. In addition, the forecasted time lag between technology development and adoption by 2010 AD will be about 3 to 5 years. Besides, adoption of production technology components will be slow in safflower, as it is predominantly a rainfed crop. Better communication for faster dissemination of research output to the end users needs to be given priority in technology transfer.

Consumer preferences to oils

With the advent of liberalization, increasing role and recognition of health foods and reduced prices, there has been a shift in consumption of edible oils in India.

The low income group mostly prefer cheaper rapeseed/mustard oil and palm oil, while middle-income group prefers groundnut oil and sunflower oil and the high-income group prefers sunflower and safflower oil (Table 6). The results indicate that the high-income group prefers sunflower and safflower oil primarily due to their health consciousness and aggressive marketing by certain branded oils. On the other hand, low-income groups do not prefer safflower due to its relative high cost.

Table 6. Preferences for type of oils by different income groups

Preference
Preferences of consumption by income groups 


Low
Middle
High

1
R&M & Palm oil
Groundnut & Sunflower 
 Sunflower & Safflower

2
Groundnut 
R&M 
Groundnut 

3
Soybean 
Soybean &Safflower
R&M 

Although safflower oil is nutritionally one of the best oils, it does not command an adequate premium price in the market. With increasing health consciousness in the years to come, hopefully, this gap may be reduced. Besides, the research system should gear up dissemination of the use of this oil. Further, blending with traditional and cheaper oils may offset the high price of the oil.

Forecasted production

The forecasts for safflower area, production and yield by 2010 AD were made by the trend observed on the past two decades and experts opinions through Delphi. Some of the above concerns were taken into consideration while seeking opinions from Delphi experts. Finally, a combined forecast was developed based on the trend and Delphi results in consultation with oilseed experts. 

The mean area and yield of safflower projected for 2010 AD are 0.6 million hectares and 0.8 t/ha (Table 7). The average production of safflower by 2010 AD would be 0.5 million tonnes, which is 80,000 tonnes higher than the average production of 0.42 million tonnes during 1995-97 (Table 8). This additional production would come only from yield enhancement, i.e. from 0.6 t/ha in 1995-97 to 0.8 t/ha by 2010 AD. 

Table 7. Forecasts for safflower area, production and yield by 2010 AD

Forecast method
Area

(million hectares)
Production

(million tonnes)
Yield

(t/ha)

Trend
0.8
0.56
0.7

Delphi
0.5-0.8
0.4-0.7
0.8-0.9

Combined forecast
0.6
0.5
0.8

In the world, India will continue to be a major safflower producing country, ranking number one in terms of acreage. India’s share by 2010 AD will remain at about 60 per cent of world safflower area as at present, but the production would increase from 44 per cent at present to 55 per cent. Safflower’s contribution to total oilseeds production in the country would increase from present 1.4 per cent to 2.5 per cent by 2010 AD.

Table 8. Safflower production enhancement from productivity and area changes

Average production during 1995-97

('000 tonnes)

Compared to 1995-97 change in production ('000 tonnes) by 2010 AD due to

Per cent change in production with respect to 1995-97 level due to:


Area
Yield
Net change 
Area
Yield

425
-75
157
82
-92
192

Strategies and recommendations 

Based on the above results and discussions, the following strategies are recommended for achieving the sustainable production of safflower in the coming decade.

· Production of adequate quantity of seeds of new varieties/hybrids will continue to be a major constraint. The private sector will not evince interest in seed production of varieties, as it is economically not attractive. The establishment of strong seed production chain, which can ensure adequate multiplication, and production of quality seeds of improved varieties/hybrids is needed. It is possible to associate seed companies for multiplication of the varieties released in the public system. This entails greater partnership between public sector research and agri-business sector. 

· Safflower petals have a tremendous potential for value addition, as they are an excellent source of different medicines and also food dyes. There is scope for the development of value added products from safflower petals and their popularization. Technologies such as safflower tea, food colors and textile colors need to be developed in the public research system. 

· There is a need for basic research for developing pest-resistant varieties and hybrids of safflower. Strengthening basic research by providing more funds and amending mandates of the national research system is vital. This would also help to alter the low output of publications and varieties from the research system. Thus, this is to be viewed as a necessary long-term investment for sustaining the future threats.

· Unlike the varieties grown in other important safflower growing countries, available cultivars of safflower have low oil potential (30%) with a high per cent of hull (50%). Replacement of such low-oil cultures should be achieved much faster, to increase not only vegetable oil production but also to make the meal fraction with less fibre and more protein.

· The government needs to establish a remunerative price and market environment for safflower. The support price mechanism needs to be more realistic. Creating better remunerative price is necessary for sustaining the growers’ interest in safflower.

· Technology dissemination using modern communication media is rather weak. Since the private sector and non-government organizations are more effective in the transfer of technologies in India, involvement of these in technology dissemination would be more effective.  
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ABSTRACT

The Asian International Safflower Trials were carried out in Thailand, India and China in 1999-2000. The locations range from latitude 14º30’ to 44º00’N and longitude 77º55’ to 103º16’E. Nine cultivars (cvs) and a local cv were tested. The results showed that the highest oil yield is 1353 kg/ha for the cv KU-4038 in north China. If safflower is used as an oil crop, the cvs GW-9023, KU-4038 and GW-9007 can be popularized in India. The oil yield increased 17.6%, 12.4% and 5.9% respectively over the local cv. The cvs GW-9023, GW-9025, and GW-9024 and Acc 407 can be popularized in Thailand, as their oil yields are 342.6%, 50.2%, 25.6% and 7.0% respectively higher than that of the local cv. The cv GW-9025 and KU-4038 can be popularized in north China as it increased 19.2% and 11.0% respectively in comparison with the local cv. In consideration of the customs in China and India, the corolla is picked off for medicinal purposes; the cv with a red flower, spinelessness, and narrow branching angle would be much better than the cvs with the spiny and yellow flower. The price of safflower products in north China made by the farmer will be 4307 US$/ha for growing the cv KU-4038 while the best spiny, cv GW-9024, will be 3158 US$/ha.

INTRODUCTION

Safflower is a medicinal and high quality oil crop (Li and Mündel, 1996). New and promising cvs have been bred in several countries. Regional testing of these will help to promote safflower development. Under this situation, FAO organized and supported the International Safflower Trails in Asia, which were organized by Prof. Li Dajue. The purpose was to find some cvs, which have high seed yield, high oil content and other promising characters for popularizing in the areas of safflower production.

1. The locations and institutes in charge of the experiments:

India: Dr. Anjani, Directorate of Oilseed Research, Hyderabad 500 030, India (18(59( N, 77(55( E; Elevation: 534 m).

Thailand: Dr. Wasana Wongyi, Kasetsart University, Bangkhen 10903, Thailand and Mr. Surapol Chowchong, National Corn and Sorghum Research Centre, 298 Klabgdibg, Pakchong, Nakornratchasima 20320, Thailand (14(30( N, 101(0( E; Elevation: 360 m).

South China: Dr. Li Liping, The Research and Development Centre of Special Economic Plants, Shilin County, Yunnan Province 652200, China, (24(44( N, 103(16( E; Elevation: 1690 m).

North China: Dr. Pei Dapeng, Seed Research Station, Jimusaer County, Xinjiang Uighur Autonomous Region, 831700, China (44(00( N, 89(01( E; Elevation: 2500 m) 

MATERIALS AND METHODS

Nine cvs and a local cv were used for the trials. The cvs FO-4, FO-15 and FO-17 were bred by the Beijing Botanical Garden, Institute of Botany. All of them have red flowers, are spineless and have striped seed hulls. Among them, the cvs FO-4 and FO-15 have a narrow branching angle. The cvs Acc-407 and KU-4038 were contributed by Kasetsart University. Acc-407 has very large capitula, white flowers and many spines. The cv KU-3048 has red flowers and a normal seed hull. The cvs GW-9007, GW-9023, GW-9024 and GW-9025 were introduced from USA, kindly supplied by Globagro, and are all hybrids with yellow flowers and many spines, their main characters are having higher seed yield and oil content.

The entries were planted in a randomized block design with 3 replications. Plots consisted of 3 rows each 3 m long. The spacing between rows was 50 cm and between plants 10 cm. The total trial area was 135 m2.

The descriptors were recorded according to the “Descriptors for Safflower” (IBPGR, 1983). 

RESULTS AND DISCUSSION

1. The main phenotypic period

The sowing dates are different as the latitudes are located from 14(30( N to 44(00( N. Generally speaking, safflower is autumn sown in low latitudes and spring sown in high latitudes. The growing period of spring-sown safflower is shorter (92-94 days) than that fall-sown (104-249 days). In the tropical zone, the growing period is shorter than that in subtropical. For example, the growing period of cv Acc-407 was 104 days in Thailand, and it was 249 days in Yunnan Province, China. The reason is that the temperature is much lower in Shilin County, Yunnan Province, China (24(44( N, and elevation 1690 m) than that in Suwan Farm, Suwan Buri, Thailand (24(44( N, and elevation only 360 m). The days from sowing to 50% emergence, 50% branching, 50% flowering, physiological maturity and the total growing period for all cvs in the 4 locations are listed in Table 1.

2. The main characteristics

The cv GW-9023 is the shortest; the mean height was 80.9 cm for the 4 locations. FO-15 is the tallest at 159 cm. The same cvs in different areas have different heights. For example, FO-15 in north China was only 75 cm, while it reached 158 cm in south China. The head diameter ranged from 16.5 mm (GW-9025) to 35.5 mm (Acc-407). The mean head number per plant ranged from 18.7 (Acc-407) to 37.9 (GW-9024). There was a large difference for the head number among them in different areas. In spring-sown areas, the head number is much less than that in autumn-sown areas. For example, the head number was 12.2 in north China and 78.0 in south China for the cv GW-9007. The mean seed number per head ranged from 19.1 (FO-15) to 57.7 (Acc-407). The weight of 1000 seeds ranged from 25.8 g (FO-4) to 61.0 g (Indian local cv). The flower colour, angle of branching degree and extent of leaf spinelessness are listed in Table 1.

3. The seed oil content

The highest oil content was 34.0% for cv GW-9007 in north China. The oil content in seed for the trials in India and in north China was higher. The mean oil content in seed for the 9 cvs at the 4 locations was 25%. The details of 9 cvs in the 4 locations are presented in Table 2.

Table 1. Main characteristics of safflower cultivars

Cultivar
Plant height
Diameter of head
Head number

Per plant
Seed number

Per head
Seed yield

Per plant
1000-seed yield
Oil content in seed
Color of corolla
Angle of Branch
Spine- scent


cm
Ran.
mm
Ran.
Head
Ran.
No.
Ran.
g
Ran.
g
Ran.
%
Ran.




FO-4
116
79-129
21
20-21
35
16-68
22
8-43
25
1-72
26
15-34
27
26-28
7
4
0

FO-15
129
75-158
21
21
24
15-38
19
16-22
11
1-24
29
14-40
26
22-30
7
3
0

FO-17
104
68-142
19
17-20
30
15-57
28
17-42
27
1-56
27
19-35
28
26-30
7
5
0

GW-9007
93
52-140
22
22
36
12-78
20
12-31
24
7-49
36
25-50
24
16-34
4
5
7

GW-9023
81
48-98
22
21-22
30
15-53
32
17-49
33
3-78
36
27-43
23
6-33
4
5
7

GW-9024
90
67-121
21
20-22
38
22-72
32
15-41
36
4-86
34
22-45
24
9-32
4
5
7

GW-9025
91
65-124
17
15-18
35
24-61
26
15-46
24
3-45
38
25-53
22
8-29
4
5
7

Acc-407
98
62-122
36
34-37
19
9-31
58
32-89
25
4-58
34
22-45
21
7-30
1
5
7

UK-4038
95
69-109
22
20-23
29
12-54
29
15-44
34
2-66
38
20-54
26
19-30
7
5
0

CK
91
75-114
21
20-21
39
11-92
31
14-53
40
3-87
60
23-61
24
8-32
-
-
-

* Ran. =Range

Table 2. The oil content (%) in safflower seed of cultivars in different locations
Cultivar
Locations
Mean


India
Thailand
South China
North China


FO-4
28.5
27.8
25.7
27.8
27.45

FO-15
27.2
25.5
22.2
29.7
26.2

FO-17
29.1
28.1
25.9
30.3
28.4

GW-9007
31.2
17.0
15.5
34.0
24.4

GW-9023
29.4
6.3
25.3
32.6
23.4

GW-9024
28.4
8.8
25.8
32.4
23.9

GW-9025
29.2
7.8
24.4
25.8
21.8

Acc-407
28.9
24.1
19.0
29.9
25.5

Ku-3048
27.8
8.4
28.3
32.2
24.2

Local CV
28.8
17.1
23.6
30.5
25.0

Table 3. The composition of fatty acid in the cultivars

Cultivar
Palmitic acid

(%)
Stearic acid

(%)
Oleic acid

(%)
Linoleic acid

(%)

FO-4
6.9
1.7
17.2
74.2

FO-15
6.8
1.4
16.8
74.9

FO-17
6.9
1.2
14.9
77.0

GW-9007
8.3
2.6
17.0
71.7

GW-9023
7.8
1.4
55.9
32.7

GW-9024
7.6
1.5
59.0
30.5

GW-9025
9.0
1.9
54.7
32.8

Acc-407
9.6
2.1
17.3
69.5

KU-4038
7.3
2.0
10.9
79.0

Mean
7.8
1.8
29.3
60.3

4. The oil fatty acid composition

The mean content of palmitic, stearic, oleic and linoleic acids in the seed oil was 7.8, 1.8, 29.3 and 60.3% respectively  (Table 3). Cv GW-9024 possessed the highest oleic acid (59.0%) and cv KU-4038 has the highest content of linoleic acid (79.0%). The cvs FO-4, FO-15, FO-17, KU-4038 and GW-9007 belong to the high linoleic acid type and the cvs GW-9023, GW-9024 and GW-9025 belong to the high oleic acid type. The oil of cvs with high oleic acid can be used for frying as it tolerates high temperature. The cvs with high linoleic acid can be used as health-care oil for making medicine for decreasing the cholesterol in order to help prevent atherosclerosis and heart disease (Song and Li, 1999).

5. The yield of safflower seed

The mean seed yield of all the safflower cvs was only 1607.63 kg/ha in the 4 locations. The yield of GW-9024 was highest at 4511 kg/ha in north China. The yields of all cvs in the areas are listed in Table 4. The results of the trials showed that there was a significant difference in different locations (P<0.01) and there was a difference between cvs (P<0.05).

6. The yield of safflower oil

The highest oil yield was 1353 kg/ha for cv KU-4038 in north China. The mean oil yield in seed for all cvs was 1024 kg/ha in north China, while it was only 26 kg/ha in Thailand. The analysis showed that there was a significant difference between cvs (P<0.01) and between locations (P<0.01). The data are listed in the Table 5.

7. The flower yield

Safflower flowers are usually used as a traditional herbal medicine in China. It has such properties as relaxing muscles, encouraging the circulation of blood etc. It can be used to help cure heart diseases and bruises. Generally speaking, the flower yields with spineless cvs such as KU-4038 and FO-4, FO-5 and FO-17 were much higher than the spiny cvs GW-9007, GW-9023, GW-9024 and GW-9025. According to custom, the yellow flower cannot be used as a medicine but is used as a materials source for extracting yellow pigment.

CONCLUSIONS

If safflower is used as an oil crop, the cvs GW-9023, KU-4038 and GW-9007 can be popularized in India, the oil yield increased 17.6%, 12.4% and 5.9% than that of the local cv. respectively. The cvs GW-9023, GW-025, and GW-9024 and Acc 407 can be popularized in Thailand, as their oil yields are 342.6%, 50.2%, 25.6% and 7.0% higher than that of the local cv respectively. The cv GW-9025 and KU-4038 can be popularized in north China as they increased 19.2% and 11.0% respectively in comparison with the local cv. In consideration of the customs in China and India, the corolla is picked off for medicine; the cv with red flower, spinelessness, and a narrow branching angle would be much better than the spiny cvs with yellow flowers. Suppose the price of the oil is 2.5 US$/kg and the price of the dry flower is 3.6 US$/kg, in the highest oil yield location in north China, the price of safflower products made by the farmer will be 4307 US$/ha (1353 kg/ha oil and 264 kg/ha dry flower) for growing the cvs KU-4038. For the best spiny cvs GW-9024 (1263 kg/ha) it will be only 3158 US$/ha.

There is a large potential to be tapped for increasing the seed and oil yields through improving the cultural practices under normal climatic years.

RECOMMENDATIONS

Safflower can be grown in dry areas or in the dry season successfully. It is sensitive to water; high soil moisture will facilitate root-rot (Phytophthora sp.) and high humidity will lead to infection by Fusarium sp., Puccinia carthami, Verticillium albo-atrum, Botrytis cinerea and Alternaria carthami. The use of spray irrigation twice every week in the experimental station in Thailand resulted in almost  all cvs being destroyed by diseases and the seed yield was only 27 kg/ha and the oil yield 5 kg/ha for GW-9007. It is advisable to conduct a training course on safflower cultivation before growing it.

There is still potential to increase the seed yield of safflower. Early mature cvs should be selected and used in south China. In north China, the sowing date should be earlier than it is. Safflower is sensitive to temperature and photoperiod. It needs a period of low temperature and short days for vegetative growth and a high temperature and long days for reproductive growth. The plant height is only 48 cm for the cv GW-9023 in north China, showing that the seedling lacks the environmental conditions for vegetative growth. If the sowing date would be advanced from May 8 to April 15, the plant height and seed yields would be significantly increased.

Table 4. The average seed yield in plots of cvs in the 4 locations (kg/ha)


FO-4
FO-15
FO-17
GW-9007
GW-9023
GW-9024
GW-9025
Acc-407
KU-4038
CK
Mean

India
500
500
1000
1800
2000
1100
1000
1594
1900
1700
1309

Thailand
48
9
21
27
1049
298
356
260
126
237
243

South China
1155
1110
1178
666
1844
1223
2511
1623
732
2934
1498

North China
2956
3233
2822
2047
2598
3898
4511
3753
4202
3784
3380

Mean
1165
1213
1255
1135
1873
1630
2095
1808
1740
2164
1608

Table 5. The average oil yield in plots of cvs in the 4 locations (kg/ha)


FO-4
FO-15
F0-17
GW-9007
GW-9023
GW-9024
GW-9025
Acc-407
KU-4038
CK
Mean

India
143
136
291
562
588
312
292
461
528
490
380

Thailand
13
2
6
5
66
26
28
63
11
41
26

South China
297
246
305
103
467
316
613
308
207
692
355

North China
822
960
855
696
847
1263
1164
1122
1353
1154
1024

Mean
319
336
364
342
492
479
524
489
525
594
446

ACKNOWLEDGEMENTS:

We would like to express our thanks to the Crop and Grassland Service, Plant Production and Protection Division, Agricultural Department, FAO for the valuable financial support to the trials. We would like to express our thanks to Dr. Wasana Wongyi, Dr. K. Anjani, Mr. Surapol Chowchong, Dr. Li Liping, and Dr. Pei Dapeng for carrying out the experiments.

REFERENCES

IBPGR, 1983. Descriptors for safflower. IBPGR Executive Secretariat, FAO, Rome. 22 pp.

Dajue, L. and H.H. Mündel. 1996. Promoting the conservation and use of underutilized and neglected crops 7. Safflower (Carthamus tinctorius L.), IPK and IPGRI. 83 pp.

Song, G. and L. Dajue. 1999. Research and development note: health-care safflower oil. Sesame and Safflower Newsl., 14: 91.

OPTIMIZING IRRIGATION IN RELATION TO PHOSPHORUS NUTRITION IN SAFFLOWER (Carthamus tinctorius L.)

Padmavathi, P. and P. Lakshmamma

Directorate of Oilseeds Research

Rajendranagar, Hyderabad 500 030, India

ABSTRACT

In India, safflower is considered as a dryland crop. However, the efficient use of irrigation water coupled with an optimal dose of P can substantially boost safflower productivity. In view of this, an experiment was conducted on sandy loam soil during Rabi season of 1994-95 to study the performance of safflower as influenced by different levels of irrigation and phosphorus nutrition. Three irrigation levels (0.4, 0.6, 0.8 IW/CPE) in main plot and three phosphorus levels (40, 60, 80 kg P2O5 ha-1) as subplots were laid out in split plot design. Seed yield and its components varied significantly due to irrigation and P application. Significantly higher seed yield of 1667 kg ha-1 was recorded with irrigation at 0.8 IW/CPE compared to 0.6 (1454 kg ha-1) and 0.4 IW/CPE ratio (927 kg ha-1). Application of 60 kg P2O5 ha-1 recorded significantly higher seed yield (1443 kg ha-1) than that of 40 kg P2O5 ha-1 (1292 kg ha-1) but was not significantly different to the phosphorus application of 80 kg P2O5 ha-1. At 0.8 and 0.6 IW/CPE levels of irrigation, seed yields increased significantly with increase in P levels whereas at 0.4 IW/CPE, the response was observed only up to 60 kg P2O5 ha-1. Maximum seed yield was obtained with 60 or 80 kg P2O5 at 0.8 IW/CPE level of irrigation.

Key words: safflower, phosphorus, irrigation

INTRODUCTION

Safflower is one of the important oilseed crops grown in Rabi season. It is grown on residual moisture conditions under poor management practices, which is one of the causes of poor production. With irrigation, safflower yields can be increased 3 to 4 times as compared with rainfed conditions. To increase the productivity, it is necessary to provide adequate quantity of water at right time coupled with optimum amount of fertilizer. With this in mind, an experiment was conducted to study the effect of irrigation and P nutrition on safflower yield.

MATERIALS AND METHODS

A field experiment was conducted at research farm of Directorate of Oilseeds Research during the Rabi of 1994-95. The soil was sandy loam containing 145, 8.9 and 312 kg ha-1 of available N, P2O5 and K2O, respectively. The treatments consisted of three irrigation regimes (0.4, 0.6, 0.8 IW/CPE ratio) and three phosphorus levels (40, 60 and 80 kg P2O5 kg ha-1). A split plot design with four replications was used keeping irrigation levels in the main plot and P levels in the subplots of 40 m2. Variety A1 was sown during the third week of October and harvested in the last week of February. The crop was sown in rows 45 cm apart and after 20 days thinned to keep plants at 20 cm. The N and K were supplied as per recommended level (40:20 kg ha-1). Nitrogen was applied in two equal splits. Irrigation was given to the field immediately after sowing and life irrigation was given 8 DAS to all the treatments. Irrigation scheduling was based on climatological approach. When cumulative evaporation reached the level of 125, 83.3 and 62.5 mm, irrigation (5 cm depth) was applied in 0.4, 0.6, 0.8 IW/CPE ratios respectively. During the crop season 5 mm of rainfall was received. Field water use efficiency (WUE) was calculated with the formula given by Singh and Sinha (1977). Phosphorus use efficiency (PUE) was calculated as kg seed produced per kg of phosphorus applied.

RESULTS AND DISCUSSION

The effects of irrigation and phosphorus nutrition on yield and yield components are presented in Table 1.

Effect of Irrigation

The highest irrigation level (0.8 IW/CPE) resulted in significantly higher values of most of the yield components (number of capitula, capitula and seed weight of secondary and tertiary branches, total weight of capitula, seed and plant weight) than those of 0.6 and 0.4 IW/CPE. This effect may be attributed to a high moisture content, resulting in greater absorption of water and nutrients by plants. Weight of capitula and seeds of primary branches was not significantly influenced by different levels of irrigation. The seed yield was significantly higher when the crop was irrigated at 0.8 IW/CPE than that of 0.6 and 0.4 IW/CPE. No significant differences were observed between 0.4 and 0.6 IW/CPE. Yield increased with increase in amount of irrigation due to increased capitula number, weight of capitula and seed. Significant response of safflower to irrigation in clay soil (Patel and Patel, 1993; Nimje, 1991) and sandy loam soils (Kumar, 1991) has been reported. At all levels of P, yield and yield components increased with the increment of irrigation water applied. Oil content was not significantly influenced by irrigation. Similar observation was also made by Singh et al. (1995).

Effect of phosphorus

The increase in phosphorus level from 40 to 60 kg ha-1 produced a significant increase in yield components (number of capitula, capitula and seed weight of secondary and tertiary branches, total weight of capitula, seed and plant weight). Application of P beyond 60 kg ha-1 did not show any considerable advantage. Seed yield was significantly influenced by P application. Seed yield at 80 kg P2O5 ha-1 application was 18% and 6% greater than that of 40 and 60 kg ha-1, respectively. This might be due to the improvement in plant growth by P application leading to greater photosynthetic activity and translocation of photosynthates to the sink (Singh and Singh, 1989).

Interaction effect between irrigation and P application was found to be significant (Table 2). At all irrigation levels, yield increased with increase in P application. At 0.8 and 0.6 IW/CPE levels of irrigation, seed yields increased significantly with increase in P levels, whereas at 0.4 IW/CPE the response was observed at only up to 60 kg P2O5 ha-1. Because of moisture stress in the root zone, the crop might not have responded to higher levels of application. Maximum yield was recorded with irrigation at 0.8 IW/CPE and 60 or 80 kg P2O5 application. Oil content was not significantly influenced by phosphorus application.
Table 1. Effect of irrigation and phosphorus on yield and yield components in safflower

Treatment
Capitula (no. per plant)
Weight of capitula (g pl-1)
Seed weight (g pl-1)
Total plant weight (g pl-1)
Seed yield

(kg ha-1)
Oil content

(%)



Pri.
Sec.
Tert.
Total
Pri.
Sec.
Tert.
total




Irrigation













0.4
8.3
3.4
10.3
5.1
18.8
1.78
6.13
4.9
12.8
33.9
927
22.1

0.6
12.2
3.5
11.4
10.9
25.8
1.62
7.15
5.1
13.9
43.8
1454
23.0

0.8
20.4
3.3
19.9
19.7
42.9
1.76
11.5
8.1
21.4
64.0
1667
21.2

SEm±
0.7
0.23
1.49
0.70
2.10
0.04
0.17
0.53
0.62
2.9
55
0.5

C.D (0.05)
2.9
NS
5.84
2.73
8.26
NS
0.68
2.07
2.4
11.43
216
NS

P2O5 (kg ha-1)













40
11.1
3.2
10.4
10.0
23.6
1.51
5.7
4.2
11.4
38.1
1292
22.2

60
14.4
3.5
15.2
24.8
43.5
1.84
8.78
6.5
18.1
61.4
1443
22.0

80
15.4
3.5
16.1
24.3
43.9
1.80
9.6
7.4
18.8
65.8
1530
22.2

SEm±
1.1
0.21
1.21
0.77
1.83
0.08
0.67
0.38
0.67
2.21
30
0.6

C.D (0.05)
3.2
NS
3.73
2.36
5.64
0.23
2.06
1.18
2.07
6.8
93
NS

Interaction
NS
NS
NS
*
NS
*
NS
*
NS
NS
*
NS

Table 2. Interaction effect of irrigation and phosphorus on seed yield, field water use efficiency and phosphorus use efficiency

Irrigation (IW/CPE)
Seed yield (kg ha-1)
Water use efficiency (kg ha-1 mm-1)
Phosphorus use efficiency (kg ha-1 kg-1 P2O5)


Phosphorus (kg ha-1)
Phosphorus (kg ha-1)
Phosphorus (kg ha-1)


40
60
80
mean
40
60
80
mean
40
60
80
mean

0.4
790
996
995
927
15.8
19.9
19.9
18.5
20
17
12
16

0.6
1148
1516
1700
1455
7.7
10.1
11.3
9.7
29
25
21
25

0.8
1292
1816
1894
1667
6.5
9.1
9.5
8.4
32
30
24
29

mean
1077
1443
1546

10.0
13.0
13.6

27
24
19



SEm±
C.D (0.05)

P x I
50.1
154

I x P
93.8
289

Field water use efficiency (WUE)

The effect of irrigation regimes and phosphorus application on field water use efficiency is given in Table 2. The total quantity of water applied in irrigation regimes based on IW/CPE ratios (0.4, 0.6 and 0.8) were 50 mm, 150 mm and 200 mm, respectively. With the increase in amount of water applied, the WUE decreased. Irrigation scheduling at 0.4 IW/CPE used water more efficiently, confirming the observations of Singh and Singh (1989) and Patel and Patel (1996), who reported that WUE increased with the decrease in irrigation level. WUE increased with increasing rates of P. This might be due to better root growth resulting in improved moisture utilization. A similar finding was also reported by Singh and Singh (1989). 

Phosphorus use efficiency (PUE)

The effect of irrigation and phosphorus on PUE is presented in Table 2. Increasing irrigation from 0.4 to 0.8 IW/CPE improved the PUE. This indicates that any increase in amount of water applied resulted in better crop growth and the crop used the phosphorus more efficiently. With increase in phosphorus level, PUE decreased. 
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INCIDENCE OF APHID PLANT (Uroleucon compositae Theob.) IN THE RESPONSE TO FERTILIZER AND SPACING IN SAFFLOWER VARIETY JLSF-344

Dharne, P.K. and S.K. Patil

Oilseeds Research Station

M.P.K.V., Jalgaon 425001 (M.S.), India

ABSTRACT

A field experiment was conducted on the newly evolved variety JLSF-344 during the Rabi season, 1999-2000 on medium black cotton soil at the Oilseeds Research Station, Jalgaon. The incidence of the aphid Uroleucon compositae  Theob. was significantly lower at higher levels of nitrogen and phosphate and with an optimum plant spacing of 45x20 cm2 as compared to other treatments. The maximum increase of seed yield (50 per cent) was recorded when the crop was sown 45x20 cm2 with an increase of N and P fertilizer under minimal irrigation.

INTRODUCTION

Safflower is one of the eight major oilseed crops producing edible oil in India. India ranks first in the world in safflower, occupying 5.03 lakl hectares area during 1996-97, contributing more than 50 per cent of the world’s safflower acreage. Maharashtra State is first amongst the Indian states in safflower acreage and production. Safflower is mostly grown under rainfed conditions, but it is also cultivated under irrigation because of a better yield per hectare. The loss in yield by insect pests and diseases under irrigated conditions has been estimated in 12 to 80 per cent. Among the pests, Uroleucon compositae is a predominantly and regularly occurring pest of safflower, causing severe damage to the crop in Maharashtra. A yield loss of 55 to 60 per cent was reported by Suryawanshi and Pawar (1980). The present study was undertaken for studying the effect on different levels of nitrogenous and phosphatic fertilizers on the incidence of aphid, U. compositae.

MATERIALS ANS METHODS

The experiments were carried out at Oilseeds Research Station, Jalgaon (M.S.) during rabi, 1999-2000. The newly evolved variety JLSF-344 was used. The study was made maintaining four main plot treatments with different levels of fertilizers (F1=50:25 N: P kg/ha, F2=25:12.5, F3=75:37.5 and F4= No fertilizer) and three sub plot treatments of plant spacing (S1=45x15 cm2, S2=45x20 cm2 and S3=45x30 cm2) with three replications in split plot design and a net plot size of 4.0 x 3.6 m2. All other packages of practices were carried out to harvest the optimal yield.

The observations on the peak incidence of aphid on 5 cm apical twig were recorded on five randomly selected plants from each plot. The incidence of aphids was noticed at branching stage of the crop. The crop was harvested in the 2nd fortnight of March and seed yield was recorded in the different plots. The data were subjected to statistical analysis.

RESULTS AND DISCUSSION

Effect of fertilizer levels

The effect of different levels of N and P influenced significantly the incidence of aphids under late sown irrigated conditions. The increased level of N and P supported the least population of aphids (61.22 aphids/5 cm apical twig per plant) (Table 1). The highest level of N and P may have accelerate the growth of plants, causing a partial escape. Lower levels of fertilizers, 50:25 (N:P) and 25:12.5 (N:P) recorded aphid populations of 80.82 and 77.98 aphids/5 cm apical twig per plant, respectively. In the case of no fertilizer, the rate of reproduction of aphids was higher, which could hamper the growth of the plants.

The highest seed yield of 20.68 q/ha was obtained with the increase of the levels of N and P (75:37.5 kg/ha). Similar findings have also been reported by Bajapai et al. (1988). A reduction in seed yield of 50.82 per cent was noticed with no fertilizer application, due to continuous feeding of aphids on the plants. These finding are in concordance with previous results (Anonymous, 1985).

Table 1. Incidence of aphid population at different levels of N and P fertilizer and plant spacing on safflower variety JLSF-344

Treatment
Average No. of aphids/5 cm apical twig/plant
Grain yield (q/ha)

Main plot (Fertilizer)



F1=50:25  N:P kg/ha
80.82
18.05

F2=25:12.5  N:P kg/ha
77.98
16.48

F3=75:37.5  N:P kg/ha
61.22
20.68

F4= No fertilizer
100.31
10.17

S.E. (
3.780
1.024

C.D. at 5%
11.085
3.040

Sub plot (Spacing)



S1 = 45x15 cm2
117.08
16.16

S2 = 45x20 cm2
62.72
17.09

S3 = 45x30 cm2
60.45
15.78

S.E. (
3.274
0.887

C.D. at 5%
9.600
N.S

Interaction (Main x Sub)



S.E. (
6.547
1.774

C.D. at 5%
N.S
N.S.

N.S. = Not Significant

Effect of spacing

Differences in plant spacing influenced significantly the incidence of aphids population (Table 1). The closest spacing (45x15 cm2) showed a higher number of aphids (117.08 aphids/5 cm apical twig/plant) than the widest spacing. The spacing treatments S2 and S3 did not show significant differences on the incidence of aphids population, recording 62.72 and 60.45 aphids/5 cm apical twig/plant, respectively.

The seed yield of safflower at different plant densities did not differ significantly. However, the highest grain yield (17.09 q/ha) was obtained with the optimum spacing (45x20 cm2). Similar findings have been reported by Ahuja et al. (1981).

Interaction of fertilizer levels and spacing

No interaction of fertilizer levels and plant spacing was detected for incidence of aphids and seed yield (Table 1). The highest level of N and P combined with optimum plant spacing (45x20 cm2) recorded the lowest aphid population (41.47 aphids/5cm apical twig/plant).
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PREDATORY BEHAVIOUR OF SEVENSPOTTED LADY BEETLE (Coccinella septempunctata L.) ON Dactynotus carthami (HRL). A LAB STUDY
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ABSTRACT

Searching and predatory behaviour of seven spotted lady beetle larvae on Dactynotus carthami (HRL) was studied in the laboratory under room conditions. The searching speed was quick at middle and high prey densities. The third and fourth instar larvae were significantly more efficient in aphid predation, which declined towards pupation.

Key Words: Predatory efficiency, sevenspotted beetle, Dactynotus carthami.

INTRODUCTION

Ladybird beetles (Coccinellidae: Coleoptera) feed on aphids, coccids and other insects, helping in reducing the insect pest populations. Rodalia cardinalis (Muls) is an example of biological control against Icerya purchasi Mask (Clausen, 1952). The sevenspotted beetle Coccinella septempunctata L. has been observed feeding on various aphid species throughout the year at Tando Jam (Moghuk et al., 1985). Since predatory beetles can play a key role in the integrated management of aphid control in field crops, the present study was conducted to determine the searching and predatory efficiency of C. septempunctata on safflower aphid under laboratory conditions.

MATERIAL AND METHODS

The adults of C. septempunctata were collected from oilseed crop fields and reared in the laboratory to maintain the culture for experimentation.

Comparative predatory behaviour

The grubs of the first, second, third and fourth instar were obtained from the culture maintained in the laboratory. Each grub of the four instars was provided with 25 aphids (Dactynotus carthami HRL) in Petri dishes along with safflower leaves. The experiment was replicated five times. The consumption of aphids was recorded daily and continued till the grubs entered into the next developmental stage. The number of dead aphids due to injury was also recorded.

Searching behaviour

Model plants were made of white sticker paper wrapped around on iron wire. Five flat oval leaves (ca. 5 x 3 cm) were arranged alternately along the stem (18 x 0.6 cm). The experiment was started by placing a grub (fourth instar) at the base of the stem and the aphids were glued on the ventral side of the leaves. The plants were held upright and placed at the table in small earthen pots. The test grub was observed continuously for fifteen minutes. The duration of the visit was recorded with the help of stop watch. The distance covered was also measured.

The data recorded on predatory behaviour and searching was subjected to analysis of variance. Further DMR test was applied to compare treatment means.

RESULTS AND DISCUSSION

Predatory behaviour

The results on the comparative predatory behaviour of different grub instars of C. septempunctata on D. carthami (Table 1) revealed that predatory behaviour varied significantly with the larval life stage The number of aphids consumed per grub increased with the age, with the fourth instar grubs having a significantly higher feeding potential than rest of the instars. However, the variation between third and fourth instars was statistically non significant. Similarly, differences between first and second instar were non-significant (P=0.05). The feeding percentage was significantly influenced by the larval stage (P=0.05). The feeding percentage of aphids provided was significantly higher (72.76%) in case of fourth instar and minimum in first instar (7.76%). The mortality of aphids due to injury caused by the beetle grubs was significantly higher in first instar, thereafter decreasing with the age of the grubs. The daily record of the aphids consumed indicated that consumption increased with the age of the grub and decreased at the time of moulting.

Table 1. Comparative predatory behaviour of different larval instar of Coccinella septempunctata L. on safflower aphid.

Instar
Aphids consumed per grub
Feeding (%)
Injured aphids (%)

First
1.94b
7.76d
15.28a

Second
4.68b
18.72c
13.48a

Third
13.42a
53.68b
11.60c

Fourth
18.19a
72.76a
4.08d

Means sharing the same letter are statistically non-significant (P=0.05)

The results of this investigation demonstrated that the predatory potential increased with the age of the grubs. The fourth instar grub was found to be a significantly more voracious feeder. Pirzada et al., (1996) while working on the efficacy of another beetle, M. sexmaculatus Fab. as a predator of Rhopalosihum maidis Ficteh. reported that third and fourth instar grubs consumed significantly more prey than earlier instars.

Searching behaviour

The results on the searching behaviour of C. septempunctata grubs at different aphid densities (Table 2) indicated that larvae moved quickly before feeding. At low prey density (5 aphids) the most efficient searching was observed, and the predators covered significantly larger distances (3.8 cm/sec). When the prey density was increased, searching speed decreased and less distances were covered. The searching efficiency was 15 times higher at the lowest aphid density than at higher densities.

Table 2. Searching behavoir of Coccinella septempuctata L. grubs at different aphid densities

Aphid densities
Grub speed cm/s
Feeding (%)

5
3.80a
100.00a

10
2.50b
9.025a

15
1.05c
90.70b

20
2.55d
86.76b

25
0.25d
72.80c





The feeding percentage of aphids was significantly higher at low density. Murakami and Tsubaki (1986) also reported that searching efficiency of C. septempunctata grubs and adults was most efficient at low prey densities than at higher prey densities.
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A INVESTIGATION ON EVALUATION OF PETALS OF DIFFERENT SAFFLOWER (Carthamus tinctorius L.) VARIETIES  IN VEGETAL DYEING
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ABSTRACT

In this study, a pre-mordanting method was used in the dyeing of woollen yarn with petals of safflower varieties. As mordants, alum of aluminium, copper-sulphate, iron-sulphate and sodium-chloride were used. A total of 30 dyeing treatments were assayed, and very different colours and tones were obtained. As a result, it was found that safflower petals can provide a wide colour catalogue, indicating that they could be used extensively in vegetal dyeing.

INTRODUCTION

Colour plays an important role in human life influencing, more or less consciously, a great number of choices in different areas. Man changed his interest in the use of colours, from a passive utilization to an active one when he began to colour both objects and his body. Over this century, synthetic colours have gradually replaced the natural ones. In recent years, the demand of natural products, considered to be components of safer characteristics than the synthetic ones, has contributed to the rediscovery of colours from plant sources (Piccaglia and Venturi, 1998).

Safflower (Carthamus tinctorius L.) consists of tubular florets, which are light red in colour. The florets are used for the same purposes as saffron, the dried stigma of Crocus sativus L., and are sometimes admixed with it or, occasionally, substituted for it (Claus et al., 1970). The red florets are used as crude drug in Oriental medicine and as a natural dye, especially in silk cloth and rouge. The red pigment in the petals of safflower has been used as dye, raw material of cosmetics, a safe colouring agent, and herbal medicine (Hanagata et al., 1992).

A water–soluble yellow dye, called safflower yellow, is also extracted from it as well as an alcohol-soluble red dye, safflower carmine or carthamin, a chalcone glycoside (Obora and Onodera, 1979). Carthamin has been applied as a useful dye-stuff for over 2000 years in some countries in the world, particularly in Egypt, Arabia, Iran, India, China, Korea, and Japan (Saito, 1991).

Because of the health hazards of many synthetic dyes, the industry is looking for more ecologically friendly products. Plant dyes appear as interesting alternatives. However, the dyeing process must be optimised to enhance the fastness to washing, to light and the resistance to rubbing (Anonymous, 1997). The objective of the present study was to determine light, abrasion, wet and dry water spotting fastness of various safflower varieties by assaying several mordants, first separately at a concentration of 3% and second by combining them two by two at a concentration of 15% each.
MATERIALS AND METHODS

Materials

Petals of three different safflower varieties (Yenice, Dinçer and 5-154) were collected from the trials of the Department of Field Crops, Faculty  of Agriculture, Dicle Universty, Diyarbakır. Woollen carpet yarns used in dyeings were colourless and had a thickness of 2.5 nm. As mordants, alum of aluminium, copper-sulphate, iron-sulphate and sodium-chloride were used.

Dye extraction

Safflower petals were cut into small pieces. Petal fragments whose weights were equal to woollen yarn were taken separately and boiled in water at a rate of 1/50 for one hour. The water evaporated during boiling was restored. The extract was obtained after filtering the remaining petals.

Treating with mordant

Yarn was treated with the chemicals indicated above. Based on woollen yarn weight, 3% mordant was used. Yarn was treated with all of the mordants separately. The mordant was dissolved in water at a rate of 1/50. Yarn previously dampened was boiled in this mordant-containing water for about one hour. In addition, the mordants were combined two by two at a rate of 1.5% each on the basis of woollen yarn weight. The two-mordant combinations were dissolved in water at a rate of 1/50. Later, woollen yarns previously mordanted were boiled in this mordant-containing water for about one hour.

After boiling in mordant-containing water, woollen yarns were left to cool and, after this, they were rinsed with abundant cold water and dried at a shading and airy place.

Naming the colours

Colours obtained by dyeing were named by the specialists of Ankara University, Faculty  of Agriculture, College of Home Economy, Unit of Textile and Wearing, Department of Village Hand Craft. For this purpose, dyed woollen samples were spread out on white ground where the sunlight came from the side. They were divided into groups according to colour differences, and common colour names were given.

Light fastness determination

Light fastness determination was carried out according to TS 867 prepared by TSE (colour fatness determination methods according to sunlight) (Anonymous, 1984a) and DIN 5033 (Farbmessung Begrifte der Farbmetrik) (Anonymous, 1970).

Abrasion Fastness Determination

Abrasion fastness determination was carried out on the basis of TS 717 (determination of colour fatness according to abrasion) prepared by TSE (Anonymous, 1978a) and TS 423 (using methods of grey scale for sum up the staining “leaking of dye” and discolouring “changing of colour”, in the determination of colour fastness of textiles) (Anonymous,1984b).
Dry and Wet Water Spotting Fastness Determination

Water fastness determination was performed according to TS 399 (determination of colour fastness according to water spotting), prepared by TSE (Anonymous, 1978b), and TS 423 (Anonymous, 1984b).

RESULTS AND DISCUSSION

The colours obtained with the different mordant treatments and the light, abrasion, dry and wet water spotting fastness of these colours for the three safflower varieties are given in Tables1, 2 and 3, respectively.

The colours obtained from the petals of Yenice were determined as yellow, green of henna, dry oak leave, light mustard, light cumin, mustard, mouldy green, light yellow, dark greenish yellow and light green (Table 1). As these colours have the shades of green and yellow, they are most used in the hand-woven carpets and kilims. Light fastness ranged between 2 and 5. The lowest value was obtained from dyeing with alum of aluminium, sodium chloride and from mixing of alum of aluminium plus sodium chloride. The abrasion fastness values were between 3 and 4. These values are at a medium to good level. Wet water spotting fastness values were found to vary between 4-5, whereas dry water spotting fastness was 5 in all cases. These values are at a medium to good level. The good level of the dry water spotting fastness indicates that no staining was seen on the wool after water dried. 

Table 1. The colours obtained from the petals of Yenice variety, and light, abrasion, dry and wet water spotting fastness of these colours

Mordant and Rate
Colours
Light Fastness
Abrasion Fastness
Water Spotting

 Fastness





Wet
Dry

Alum of Aluminium
Yellow
2
4
5
5

Copper-sulphate
Henna green
4
3-4
4
5

Iron-sulphate
Dry oak leave
4
3
5
5

Sodium-chloride
Light mustard
2
4
4
5

Alum of Aluminium 1.5% + Copper sulphate 1.5%


Light cumin
4
3-4
4-5
5

Alum of Aluminium 1.5% + Iron sulphate 1.5%


Mustard
5
3
4-5
5

Alum of Aluminium 1.5% + Iron sulphate 1.5%


Light yellow
2
4
5
5

Copper sulphate 1.5% + Iron sulphate 1.5%


Mouldy green
5
3
4
5

Copper sulphate 1.5% + Sodium Chloride 1.5%


Dark greenish yellow
5
4
5
5

Iron sulphate 1.5% + Sodium chloride 1.5%


Light green
5
3-4
4-5
5

The colours obtained from the Dinçer variety were determined as light mustard, greenish henna, dirty yellow, dark greenish yellow, light mouldy green, mustard, yellow, light cumin and light greenish yellow (Table 2). Light fastness values ranged between 2 and 4. The abrasion fastness values ranged between 3 and 4. These values are at a medium to good level. Wet water spotting fastness values varied between 4-5, and dry water spotting was found as 5, which is at a good level. 

Table 2. Colours obtained from the petals of Dinçer variety, and light, abrasion, dry and wet water spotting fastness of these colours.

Mordant and Rate
Colours
Light 

Fastness
Abrasion Fastness
Water Spotting Fastness





Wet
Dry

Alum of Aluminium
Light mustard
2
3
4
5

Copper-sulphate
Greenish henna
4
4
4
5

Iron-sulphate
Greenish henna
4
3
4
5

Sodium-chloride
Dirty Yellow
3
3-4
4
5

Alum of Aluminium 1.5% + Copper sulphate 1.5%


Dark greenish yellow
4
3-4
4
5

Alum of Aluminium 1.5% + Iron sulphate 1.5%


Light mustard
2
3-4
4-5
5

Alum of Aluminium 1.5% + Iron sulphate 1.5%


Yellow
3
4
4-5
5

Copper sulphate 1.5% + Iron sulphate 1.5%


Mouldy green
4
3
4
5

Copper sulphate 1.5% + Sodium chloride 1.5%


Light cumin
4
4
4-5
5

Iron sulphate 1.5% + Sodium chloride 1.5%


Light greenish yellow
3
4
5
5

The colours obtained from the 5-154 variety (Table 3) were determined as yellow, cumin, straw yellow, light greenish yellow, light cumin and light green. These colours are commonly used in the hand-woven carpets and kilims. Light fastness values ranged between 2 and 5. The lowest value of 2 was obtained from dyeing with alum of aluminium, while the best value (5) was obtained from copper sulphate, iron sulphate, copper sulphate plus iron sulphate and copper sulphate plus sodium chloride. Generally, except alum of aluminium, the others mordants provided values at a medium level. The abrasion fastness values were between 3-4 and 4. Iron sulphate and copper sulphate, plus iron sulphate gave 3-4 values, while the others gave 4. These values are at medium level. Wet water spotting fastness values varied between 4 and 5, and dry water spotting were found as 5, which is at a good level, indicating that the colours did not present any change in water spotting. 

In conclusion, many different colours such as yellow, greenish henna, dry oak leave, light mustard, light cumin, mustard, light yellow, mouldy green, dark greenish yellow, light green, dirty yellow, light greenish yellow, cumin, straw yellow and light greenish can be obtained from petals of safflower varieties. The fact that mordants are used alone or together at an equal rate did not constitute a significant difference.

Table 3. Colours obtained from the petals of 5-154 variety, and light, abrasion, dry and wet water spotting fastness of these colours.

Mordant and Rate
Colours
Light Fastness
Abrasion Fastness
Water Spotting Fastness





Wet
Dry

Alum of Aluminium
Yellow
2
4
5
5

Copper-sulphate
Cumin
5
4
4
5

Iron-sulphate
Cumin
5
3-4
4
5

Sodium-chloride
Straw yellow
3
4
4-5
5

Alum of Aluminium 1.5% + Copper sulphate 1.5%


Light greenish yellow
3
4
4
5

Alum of Aluminium 1.5% + Iron sulphate 1.5%


Light greenish yellow
4
4
4-5
5

Alum of Aluminium 1.5% + Iron sulphate 1.5%


Light mustard
3
4
4-5
5

Copper sulphate 1.5% + Iron sulphate 1.5%


Light Cumin
5
3-4
4
5

Copper sulphate 1.5% + Sodium chloride 1.5%


Light Cumin
5
4
5
5

Iron sulphate 1.5% + Sodium chloride 1.5%


Light green
3
4
4-5
5

Differentiation seen in the colours was more affected by the mordants than by the cultivars. Even though the light fastness values determined in our study as medium to good level can be seen as a disadvantage, tourists’ choices towards the faded dyed carpets and kilims rule out this disadvantage. Generally, the fact that the colours obtained are commonly used in the hand-woven carpets and kilims indicates that safflower varieties could be easily used as vegetal dyes.
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Figure 1. UPGMA dendrogram obtained from Jaccard distance among 40 sesame accessions.





0.4955





0.3577





0.1836





0.1421





0.1661





       0.6000         0.5500         0.5000         0.4500         0.4000         0.3500          0.3000        0.2500         0.2000         0.1500         0.1000          0.0500         0.0000                                                                                                                                                                                                                                                         








( The designations employed and the presentation of material in this newsletter do not imply the expression of any opinion whatsoever on the part of the Food and Agriculture Organization of the United Nations concerning the legal status of any country, territory, city or area of its authorities, or concerning the delimitation of its frontiers or boundaries








VIII

[image: image17.wmf]X

1

#

  

P

1

y=-4.7328

P

4

y=2.4600

P

2

y=4.6796

0.9424

X

2

X

3

0.1169

0.2032

X

4

0.1186

0.3464

-0.1855

P

3

y=0.2154

P

1

y=1.5990

P

4

y=-0.5581

P

2

y=-0.4662

0.5605

Y

X

1

#

  

X

2

X

3

0.1515

-0.1243

X

4

0.3966

0.7870

-0.1855

P

3

y=-0.3246

1998

1999

 

[image: image18.wmf]-500

0

500

1000

1500

2000

2500

3000

-2000

-1500

-1000

-500

0

500

1000

1500

2000

2500

E1

E3

10

2

20

6

8

13

17

14

11

5

15

4

16

9

E2

22

23

25

24

12

3

21

19

1

7

18

IPCA 2

IPCA 1

 

[image: image19.wmf]P

1

y=4.1539

P

4

y=0.7926

P

2

y=1.6758

0.0607

X

1

#

  

X

2

X

3

0.1787

0.4037

X

4

0.9720

0.1912

-0.6574

P

3

y=-3.9631

P

1

y=0.6514

P

4

y=-0.0986

P

2

y=-0.0012

0.4108

Y

X

1

#

  

X

2

X

3

-0.3800

-0.5981

X

4

0.1172

0.2238

-0.7787

P

3

y=-0.3705

1998

1999

 

_1028058326

_1053168452.xls
Chart3

		76-80		76-80

		81-85		81-85

		86-90		86-90

		91-95		91-95

		96-00		96-00



Cum.no.

No. of varieties

Period

No of varieties

Cum. no. of varieteis

5

5

7

2

10

3

13

3

16

3



Sheet1

				Total oilseeds				Safflower

		Year		Area (Million hectares)		Production (Million tonnes)		Area (Million hectares)		Production (Million tonnes)		% Area		% Prod

		1990-91		24.15		18.61		0.823		0.32		3.4		1.7

		1991-92		25.89		18.6		0.501		0.203		1.9		1.1

		1992-93		25.24		20.11		0.734		0.348		2.9		1.7

		1993-94		26.9		21.6		0.793		0.522		2.9		2.4

		1994-95		25.26		21.42		0.772		0.419		3.1		2.0

		1995-96		25.96		22.11		0.68		0.383		2.6		1.7
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